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U.  S.  Department  of  Aokicui.turb, 

Bureau  of  Plant  Inditstbt, 

Offic:,  of  the  Chief, 
Washin^on,  D.  C,  January  £8,  1908. 
Sib:  I  havfl  the  honor  to  present  herewith  the  manuscript  of  a 
bulletin  entitled  "Curly-Top,  a  Disease  of  the  Sugar  Beet,"  by  Dr.  C,  O, 
Townsend,  Pathologist  in  Charge  of  the  Sugar-Beet  InvestigationB 
of  this  Bureau.  I  recommend  that  it  be  published  as  Bulletin  No. 
12"2  of  the  Bureau  aeriea. 

The  bulletin  presents  the  results  of  the  investigations  and  ob- 
servations by  this  Bureau  during  the  past  six  years.  It  <ieala  with 
one  of  the  most  destructive  diseases  of  the  sugar  beet,  and  while 
the  results  obtained  thus  far  are  in  the  main  negative,  the  object  in 
presenting  them  at  this  time  is  twofold:  (1)  To  encourage  the  growers 
of  sugar  beets  by  showing  them  that  the  presence  of  this  disease  in 
their  locality  during  a  certain  season  ia  not  an  indication  that  it  has 
become  ft  permanent  factor  in  the  cultivation  of  sugar  beets  in  that 
locality,  and  (2)  to  assist  other  experimenters  anil  observers  in  their 
efforts  to  find  the  real  cause  of  the  disease  by  bringing  together  the 
results  of  what  has  already  been  done  by  this  Bureau  to  that  end, 
thus  preventing  useless  repetitions.  It  is  the  purp<ise  to  continue 
the  investigations  along  all  possible  lines  that  promise  a  solution  of 
the  problem  until  the  exact  cause  of  curly-top  is  known  and  a  satis- 
factory remedy  for  its  control  discovered. 

Respectfully,  B,  T.  Oallow^ay, 

Ohiff  of  Bureau. 
Hon.  James  Wii.son, 

Secrelanj  of  AgricuUure. 
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SnCPTOXS  OF  OUBLT-TOP. 

The  external  characters  or  symptoms  of  cm-Iy-top  are  to  be  found  in 
all  parts  of  the  diseased  plant.  The  leaves  that  develop  after  the 
beets  become  affected  with  curly-top  are  very  much  smaller  and  more 
numerous  than  normal  leaves,  and  the  petioles  are  very  short.  The 
leaf  blades  are  both  shorter  and  narrower  than  normal  leaves  and  are 
decidedly  crinkled  and  puckered.  (Compare  Fls.  I  and  II  and  figs. 
I  end  2  of  PI.  III.)  On  the  under  side  of  the  leaf  blade  are  many 
elevations,  giving  the  surface  a  rough  appearance.  (PI.  Ill,  fig.  l,an(l 
PI.  IV,  fig.  1.)  The  leaves  are  more  or  less  packed  together  as  com- 
pared with  a  normal  beet  and  the  crown  is  decidedly  broadened,  as 
shown  in  Plates  I  and  II.  The  roots  of  beets  affects!  with  curly-top 
are  usually  hairy,  but  this  character,  although  nearly  constant  and 
distinct,  is  somewhat  variable,  being  frequently  more  or  le^w  marked 
than  Plate  I  and  Plate  VIII,  figure  1,  would  indicate. 

In  regard  to  the  internal  characters  or  symptoms  of  curly-top,  the 
tissues  of  the  leaves  or  leaf  stems  show  a  distortion  of  the  cells. 
(PI.  IV,  figs,  1  and  2.)  A  comparison  of  figures  1  and  2,  Plate  V,  will 
show  the  marked  alternation  of  light  and  dark  rings  in  the  cross 
section  of  the  diseased  root,  the  fibro-vascular  bundles  being  darkene<l 
thmughout  its  entire  length,  as  shown  in  Plate  VI,  figure  1.  The 
roots  are  more  or  less  fibrous  or  woody  and  pass  through  the  slicers 
with  difficulty,  often  causing  the  knives  to  clog.  There  is  no  decay 
or  softening  of  the  tissue  in  any  part  of  the  plant,  except  as  in<]icateil 
below. 

In  addition  to  the  constant  symptoms — curled  leaves  more  or  less 
roughened  below,  thickened  crown,  hairy  roots,  dark  fibro-vascular 
bundles,  and  tough  woody  roots — there  are  some  other  symptoms 
that  frequently  accompany  the  constant  curly-top  characters,  but 
which  are  not  sufficiently  constant  to  be  considered  symptoms  of 
curly-top.  These  may  be  known  as  conditional  symptoms,  since 
their  presence  depends  upon  conditions  of  growth  and  environment. 

One  of  these  conditional  symptoms  is  the  stunted  appearance  of  the 
diseased  beets,  which  becomes  apparent  if  the  disease  attacks  the 
becits  before  they  reach  their  full  size.    Tliis  nondevelopment  of  the 
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beets  is  often  looked  upon  as  one  of  the  chief  indications  of  curly-top." 
If  the  beeta  are  full  grown  before  they  are  attacked  by  curly-top  they 
will  have  all  the  symptoms  of  the  disease,  but  necessarily  can  not  be 
stunted  in  the  sense  of  being  below  the  normal  size.  Not  only  may 
beets  have  curly-top  without  being  stunted,  but  they  may  be  stunted 
by  withholding  the  water  necessary  for  their  development,  as  shown 
in  Plate  X,  figure  2,  or  by  subjecting  them  to  other  abnormal  condi- 
tions of  growth  without  producing  any  of  the  constant  curly-top 
symptoms. 

Curly-top  beets  sometimes  have  a  wilted  appearance  as  if  suffering 
from  lack  of  moisture.  This  symptom  does  not  always  appear, 
especially  in  those  cases  of  curly-top  that  develop  after  the  mi<ldle  of 
the  growing  season,  while  in  any  case  the  wilted  appearance  of  the 
leaves  is  not  marked  until  the  season  is  considerably  advanced. 
Moreover,  perfectly  healthy  beets  present  a  wilted  appearance  when 
the  interval  between  rains  or  between  irrigations  is  too  long.  The 
outer  leaves  wilt  first  in  both  instances,  but  in  the  case  of  the  diseased 
leaves  the  wilting  is  not  necessarily  accompanied  l>y  a  drj-ing  out  of 
the  soil,  and  the  addition  of  water  will  not  restore  the  diseased  beets 
to  their  normal  condition. 

Another  almost  constant  character,  but  one  that  is  not  confined  to 
curly-top  beets.  Is  the  presence  of  a  dark  spot  in  the  interior  of  the 
crown,  as  shown  in  Plate  VI,  figure  1.  A  cavity  frequently  develops  . 
in  this  spot,  as  shown  in  the  figure  referred  to.  The  tissue  in  the 
darkened  spot  does  not  usually  decay,  although  it  becomes  somewhat 
softened  and  either  shrinks  or  fails  to  develop  with  sufficient  rapidity, 
thus  forming  the  cavity.  A  cavity  similar  in  appearance,  apparently 
due  to  too  rapid  growth,  forms  in  healthy  beets, 

OCCtTBRBNCB  OF  CUKLY-TOP. 

Of  the  various  diseases  of  the  sugar  beet,  two  have  been  more  or 
less  destructive  in  this  country  for  several  years.  One  is  the  eastern 
blight,  or  leaf-spot  disease,  due  to  the  fungus  Cercospora  heticola  Sacc, ; 
the  other  is  the  so-called  western  blight,  or  curly-top,  the  cause  of 
which  has  not  been  definitely  determined.  The  latter  disease  only 
will  be  considereil  in  this  bulletin. 

Curly-top  has  been  a  subject  of  observation  and  study  by  the 
writer  in  the  field,  in  the  laboratorj-,  and  in  the  greenhouse  for  the  past 
six  years.  It  seems  to  have  been  known  for  many  years  in  this  coun- 
try. Doctor Hedgcock,  of  this  Bureau,  states  that  he  saw  distinct  cases 
of  curly-top  in  garden  beets  in  Nebraska  more  than  twenty  years  ago. 

"Smith,  Ralph  E.  Beet-Blight  Investigation .  Report  of  the  Plant  FathologiHt 
to  July  1, 1906.     Bulletin  No.  184,  Califumia  Agriculluml  ExperiDient  Station,  p. 
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There  is  no  record,  however,  of  a  serious  outbreak  of  curly-top  until 
the  summer  of  1900,  when  it  appeared  simultaneously  in  several 
widely  separated  sugar-beet  areas  in  the  western  portion  of  the  United 
States.  In  each  of  these  localities  it  did  considerable  damage.  Since 
that  tune  it  has  been  more  or  less  destructive  in  one  or  more  sugar- 
beet  sectioQS  each  year. 

Curly-top  has  never  been  reported  with  certainty"  from  any  other 
country  in  which  sugar  beets  are  grown,  and  in  this  country  it  seems 
to  be  confined  almost  exclusively  to  the  central  and  western  portions 
of  the  sugar-beet  belt.  It  has  been  studied  in  Indiana  by  Arthur, 
Golden,  and  Cunningham.  It  has  never  been  observed  by  the  writer 
east  of  the  Mississippi  RJver,  and  while  it  has  been  .seen  in  practically 
all  of  the  sugar-beet  States  west  of  the  Missi.s»ippi  River,  there  are 
localities  in  several  of  these  States  where  sugar  beets  have  been 
grown  for  five  years  or  more  in  which  a  case  of  curly-top  has  never 
been  observed. 

Curly-top  is  not  confined  to  any  particular  variety  of  beets.  It  has 
been  observed  on  garden  beets  (red  beets)  and  on  stock  beets  (mangel- 
wurzels),  as  well  as  on  all  strains  of  sugar  beets.  As  a  rule  it  is  more 
common,  however,  on  sugar  beets  than  on  stock  or  garden  beets. 
Even  in  those  localities  where  curly-top  is  very  severe  on  sugar  beets, 
it  has  been  observed  that  the  stock  and  garden  beets  suffer  compara- 
tively little  from  the  disease.  A  striking  exception  to  this  rule  was 
found  in  1907  in  our  experimental  field  at  Garland,  Utah,  in  which 
certain  plots  of  garden  beets  contained  a  higher  percentage  of  curly- 
top  beets  than  could  be  found  in  any  of  our  sugar-beet  plots  in  the 
same  field. 

Plate  Vin  shows  some  of  the  garden  beets  affected  with  curly-top 
compared  with  healthy  beets  from  the  same  row.  Curly-top  outbreaks 
are  not  limited  to  those  sugar-beet  areas  in  which  alkali  is  most 
abundant  in  the  soil,  nor  entirely  to  the  irrigated  portions  of  the 
sugar-beet  belt.  Curly-top  is  not  usually  found  in  all  the  fields  in 
any  given  area,  even  when  it  is  very  serious  in  that  locality.  Fre- 
quently adjacent  fields  are  attacked  by  this  disease  in  very  different 
measure.  Even  a  given  field  is  not  equally  affected  in  all  parts,  as 
shown  in  Plate  IX,  figure  1.  Furthermore,  in  the  same  row  beets 
are  not  all  attacked  to  the  same  degree,  and  frequently  we  find  dis- 
eased and  healthy  plants  standing  but  a  few  inrlies  apart.  (See  PI, 
IX,  fig.  2.) 

Young  plants  seem  to  be  most  easily  attacked  by  curly-top,  but 
it  is  not  uncommon  for  beets  that  are  full  grown  to  develop  symp- 
toms of  this  disease.  Sometimes  second-year  beets  that  are  appar- 
ently perfectly  healthy  when  selected  in  the  fall  show  signs  of  curly- 
top  during  the  second  season.     Its  appearance  on  tlie  stems  of  seed 
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beets  is  strikmgly  Bhown  in  Plate  XI.  The  main  Btem  shown  in 
this  plate  was  trimmed  for  single-germ  seed  and  then  covered  witii 
paper  and  cloth  bags  in  the  manner  described  in  Bulletin  No.  73  " 
of  the  Bureau  of  Plant  Industry,  the  young  shoots  showing  curiy- 
top  that  developed  under. these  conditions. 

When  the  outbreak  is  very  serious,  new  case-i  occur  from  day  to  day 
or  from  week  to  week  throughout  the  season.  The  large  majority  of 
cases  developing  in  any  locality  during  a  given  season,  however,  make 
their  appearance  before  the  plants  are  one-half  grown,  and  fre- 
quently more  than  50  per  cent  of  the  cases  found  in  a  given  field 
occur  before  the  beets  are  a  quarter  of  their  normal  size. 
NAMES  OF  THB  DISEASE. 

This  peculiar  disease  of  the  sugar  beet  has  received  so  many  dif- 
ferent names  in  different  localities  that  considerahle  confusion  has 
resulted.  It  has  been  known  as  the  California  beet  disease,  a  bac- 
terial disease  of  the  sugar  beet,  bacterioais,  bacterial  gummosis, 
blight,  western  blight,  stunted  he«ts,  whiskered  beets,  hairy-root, 
and  curly- top. 

Owing  to  the  fact  that  this  disease  of  sugar  beets  first  ap[>eared 
to  an  alarming  extent  in  California,  it  was  called  the  "California 
beet  disease."  This  name  was  soon  abandoned,  however,  as  what 
appeared  to  be  the  same  disease  was  found  in  several  other  States 
that  year  (1900),  and  since  that  time  it  has  appeared  with  certainty 
in  seven  of  the  sugar-beet  States.  In  1890  Professor  Huston,  chem- 
ist of  the  Agricultural  Experiment  Station  of  Indiana,  noticed  an 
abnormal  appearance  of  certain  beet  samples  that  he  was  preparing 
for  analy-sis.*  These  beets  were  examined  by  Dr.  J.  C.  Arthur,  of  the 
same  station,  who  found  large  numbers  of  bacteria  in  the  diseased 
specimens,  and  the  disease  was  consequently  designated  as  a  bac- 
terial disease  of  the  sugar  beet. 

In  1891  Miss  Golden  published  the  results  of  her  investigation  in 
regard  to  this  and  other  diseases  of  the  sugar-beet  root  found  in 
Indiana.'  She  isolated  an  organism  found  in  beets  having  ab- 
normally curled  and  twisted  leaves  and  made  inoculations  into  a  small 
number  of  healthy  plants.  Four  out  of  six  of  the  inoculated  beets  de- 
veloped leaves  similar  in  appearance  to  the  original  beets  from  which 
the  organism  had  been  obtained.  It  is  to  be  regretted  that  such  a 
small  number  of  inoculations  into  healthy  plants  was  made,  since  this 

o  Townwnd,  C.  0.,  aiid  RittUf,  E.  C.  The  Development  iif  Siiigle-(ienn  Bef  t  Seed. 
Bulli'tm  No.  n,  Burrau  of  Plant  Industry,  March,  J905. 

6  HuBton,  H.  A.  Sugar  Beets.  Bulletiu  No,  39.  pnrt2,  Purdue  Univetnity  Agri- 
oiiUiiral  Experiment  Station.  1892,  p.  49. 

«  Golden,  Katherine  E.  Disease  of  the  Sugar-Beet  Root  ProeiMviings  of  Ihc 
Indiana  .\cadeniy  of  Science,  1S91,  p.  92. 
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is  one  of  the  crucial  poiDts  in  determiiuDg  the  catlse  of  a  supposed 
bacterial  disease. 

Another  report  on  thiu  disease  was  publishe<l  l>y  Professor  Arthur 
and  Miss  Golden  in  1892."  The  presence  of  bacteria  in  great  num- 
bers in  the  diseased  beet  was  again  verified,  but  whether  they  were 
the  real  cause  of  the  disease  was  not  clearly  established.  Some  por- 
tions of  the  description  and  the  figures  given  would  seem  to  indicate 
curly-top,  but  the  great  abundance  of  the  oi^anisms  and  the  ease 
with  which  they  could  be  seen  and  isolated  would,  on  the  other  hand, 
seem  to  distinguish  it  from  the  disease  which  forma  the  subject  of 
this  paper,  at  least  with  reference  to  the  cause  or  causes  which  pro- 
duce the  curly-top  symptoms.  Furthermore,  Miss  Golden  states  on 
page  93  of  the  article  above  referred  to,  describing  the  disease  under 
investigation  by  her,  that  "during  the  early  growth  of  the  plants  no 
difference  can  be  seen  between  the  diseased  and  healthy  ones,  but  as 
they  develop,  the  outer  leaves  of  the  diseased  plants  wither,  while  the 
heart  leaves  curl  up  much  more  than  the  normal,  are  dull  in  color,  and 
the  under  side  has  a  mottled  appearance,  causing  the  leaves  to  resem- 
ble somewhat  those  of  the  Savoy  cabbage." 

According  to  the  writer's  observations  of  the  curly-top  disease,  the 
center  or  youngest  leaves  are  the  first  to  show  the  disea.so  by  their 
curled  and  puckered  appearance.  If  the  disease  appears  early  in  the 
life  of  the  plant  all  the  leaves  may  be  affected,  as  shown  in  Plate  III, 
figure  1.  The  leaves  do  not  usually  become  dull  in  color  and  the 
outer  ones  do  not  necessarily  wither  or  even  wilt  in  the  first  stages  of 
the  disease,  although  they  sometimes  wilt  and  frequently  become  a 
few  shades  duller  as  the  disease  progresses.  When  examine<l  by 
transmitted  light,  the  leaves  of  curly-top  beets  often  persent  a  mottled 
appearance,  but  this  is  not  usually  to  be  observed  by  refle<ited  light. 
Small  but  distinct  elevations,  of  which  no  mention  is  made  in  the 
papers  cited,  are  produced  on  the  under  surface  of  the  curly-top  leaves. 
(Pis.  Ill,  fig.  1,  and  IV,  fig.  1.)  Furthermore,  no  reference  is  niatlein 
these  papers  to  an  abnormal  appearance  of  the  roots  of  the  diseased 
beets.  In  fact,  the  statement  is  made  reganiing  what  soems  for  some 
reasons  to  be  curly-top  in  Indiana  that  the  healthy  and  diseased  roots 
can  not  be  distinguished  by  any  external  characters.  This  may  be 
true  of  the  beets  that  are  not  affected  until  late  in  the  sea-son,  but  the 
roota  of  curly-top  beets  when  attacked  before  the  middle  of  the  grow- 
ing season  are  decidedly  hairy,  as  shown  in  Plate  I.  Curly-top  may 
be  a  bacterial  disease,  but  certainly  it  does  not  seem  to  be  due  to  an 
organism  so  easily  seen  and  so  readily  separated  as  that  in  the  disease 
described  by  Arthur  and  Golden. 

oArthur,  }.  C,  and  Gtdden,  Katherine  E.  Diseases  of  the  Sugar-Beet  Rout.  Bul- 
letin No.  39,  part  8,  Fuidue  Univenity  Agricultuml  Experiment  Station,  p.  54. 


^d  by  Google 


12  CUKLY-TOP,  A  DISEASE  OF   THE   6UGAB  BEET. 

Dr.  Erwin  F.  Smith,"  in  charge  of  the  Laboratory  of  Plant  Pathol- 
ogy, Bureau  of  Plant  Industry,  in  reviewing  the  work  of  Arthur  and 
Golden  expressed  doubt  in  regard  to  bacteria  being  the  cause  of  tlie 
disease  of  the  sugar-beet  root  described  by  them  and  held  that  the 
trouble  was  curly-top.  This  led  to  a  further  study  of  this  disease  by 
Miss  Cunningham.  A  It  was  not  clearly  established  by  her  investiga- 
tions, however,  that  the  disease  found  in  Indiana  is  due  primarily  to 
bacteria.  In  summing  up  the  results Misa  Cunningham  says,  =  "Trans- 
fers of  diseased  tissue  to  the  healthy  beet  root  resulted  in  changed 
appearance  of  the  plant  which  indicated  almost  certainly  that  the 
disease  was  transmitted."  This  still  leaves  the  bacterial  origin  of  ■ 
the  disease  in  doubt.  Several  citations  to  articles  relating  to  bacterial 
diseases  of  the  sugar  beet  were  made  by  Miss  Cunningham  in  con- 
nection with  the  article  mentioned.'* 

These  diseases  were  referred  to  by  Sorauer  '  as  "bacterial  gum- 
mosis,"  by  Kramer  '  as  "bacteriosis,"  and  by  Busse  '  as  "gum- 
mosis"  of  the  sugar  beet,  but  judged  by  the  descriptions  given,  these 
diseases  do  not  seem  to  be  curly-top. 

Subsequent  to  the  work  done  by  Arthur,  Golden,  and  Cunningham 
in  this  connection,  Doctor  Smith  made  numerous  tube  cultures  and 
poured  plates  from  the  interior  of  diseased  beets  received  from  the 
Agricultural  Experiment  Station  of  Indiana,  but  with  no  detinite 
results.  Fre<|uently  the  cultures  were  sterile;  at  other  times  a 
variety  of  organisms  was  obtained  in  small  numbers,  espe(^ially  if 
the  beets  were  somewhat  wilted.  It  is  evident,  therefure,  that 
with  our  present  knowledge  of  the  curly-top  disease  we  should  not 
designate  it  as  a  bacterial  disease  of  the  sugar  beet. 

The  remaining  names  of  the  disease  in  general  use  refer  to  certain 
characters  of  the  affected  plants,  and  it  is  lai^ly  a  matter  of  judg- 
ment which  one  is  most  suitable.  The  names  most  commonly  in 
use  are  "blight"  and  "western  blight."  Either  of  these  names 
might  be  used  without  confusion  were  it  not  for  the  fact  that  we  have 

"Smith,  Em-ill  F.  The  BaPteriftl  Di»ca««  of  PluDht,  a  Critical  Re\-ifw  of  the 
PriHcnt  Statu  of  Our  KDon-ledgf.     AmiTicuii  Katuraliat,  vol.  30,  p.  116. 1896, 

BCunuiiighuni.  I'laniA.  A  Bactcriul  Diwiuicuf  thu Sugar Bt'ct.  Uotauicul  UazetLc, 
vol.  28,  1899. 

(^ Cuiiiiiughain,  CluiuA.,  I.  c,  p.  188.  , 

<! Cuniiingbuin,  Clura  A.,  I.  c,  |j.  lltl. 

'  SomiH^r,  Paul.  Noti-  at  oiid  of  a  rt'vliiw  of  buiiic  [lajxTH  oil  a  (liMi'apic  of  migar  caoe, 
Zeitechr.  f.  Pflansciikrankhcilcci.  vol.  1 ,  [larl  U,  i>.  360,  1891. 

iKiantpT.  Enist,  Die  Itactmaciia  d(!r  Hunkolrubo  (Beta  vulgarui  L.).  cinu  neue 
Krankbcit  dfirselbtm.  OpstcrrcirhiBches  Ijiiidwirlhscliaftlich™  (\>ntralblatt.  vol.  1, 
part  2,  pp.  30-;t6.  and  part  3,  pp.  40-41.  1891, 

0Buiwe,  Walter.  Bakt^Tiologiwln'  Wtudicn  ubcr  die  "UuinraoMifl"  <li>r  Zucker- 
rObeii,     ZeitK'hr.  f.  PflanzeiikraukhfiU'u,  vol.  7,  pp.  65-77  aud  149-155,  1897. 
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in  the  middle  and  eastern  parts  of  our  sugar-beet  area  a  true  blight 
of  the  sugar  beet  due  to  the  fungus  Cercospora  heticola  Sacc.  These 
might  easily  be  distinguished  as  eastern  and  western  blight  of  the 
sugar  beet  were  it  not  for  the  circumstance  that  both  may,  and  often 
do,  occur  in  the  same  field  in  the  middle  part  of  the  augar-beet  belt. 
The  objection  to  the  term  "stunted  beets"  Ues  in  the  fact  that  this 
abnormality  may  be  produced  without  developing  the  other  symp- 
toms of  curly-top;  that  is,  a  stunting  of  the  beet  may  be  brought 
about  by  causes  which  do  not  produce  the  other  symptoms  of  curly- 
top,  as  shown  in  Plate  X,  figure  2.  "Whiskered  beets"  and  "hairy- 
root"  both  refer  to  the  peculiarity  of  the  beet  shown  in  Plate  I,  in 
which  the  small  rootlets  are  very  greatly  multiplied.  While  this 
character  is  always  noticeable  on  curly-top  beeta,  it  sometimes  occurs 
on  beets  that  do  not  possess  the  other  symptoms  of  curly-top,  and  it 
is  therefore  undoubtedly  produced  by  some  condition  that  does  not 
cause  the  development  of  all  the  symptoms  of  curly-top.  Further- 
more, this  peculiarity  of  curly-top  beets  is  only  to  be  observed  when 
the  beets  are  pulled  up.  On  th6  other  hand,  the  peculiar  appearance 
of  the  leaves  of  beets  affected  with  this  disease  is  noticeable  as  one 
passes  through  a  field  of  beets  in  which  curly-top  occurs.  The  writer 
has  therefore  proposed  the  name  curly-top  for  lack  of  a  better  and 
more  characteristic  one,  which  it  is  hoped  will  be  supplied  when  the' 
real  cause  of  the  disease  is  known.  This  character  of  the  diseased 
plant  is  easily  recognized  and,  as  already  pointed  out,  usually  appears 
during  the  early  life  of  the  plant,  but  may  become  apparent  in  the 
latter  part  of  the  first  season's  growth  or  even  during  the  sccund 
season. 

POSSIBLB  CA1TSES  OF  CURLY-TOP. 

In  different  localities  and  under  different  soil  and  climatic  condi- 
tions curly-top  appears  sometimes  without  any  apparent  cause  and 
sometimes  accompanied  by  parasites  or  abnormal  conditions  of  soil 
and  climate.  Various  theories  have  therefore  been  advanced  in 
order  to  account  for  the  occurrence  of  this  disease  in  the  various 
localities  where  it  has  appeared.  Among  the  theories  that  seemed 
most  plausible  because  of  the  conditions  and  circumstances  attending 
the  occurrence  of  the  disease,  and  wliich  have  on  tiiat  account  received 
more  or  less  consideration,  are  the  following: 

(1)  Bacteria. 

(2)  Fungi  attacking  the  leaves. 

(3)  Fungi  infesting  the  roots. 

(4)  Insects. 

(5)  Abnormal  moisture  supply. 

(6)  Abnormal  soil  conditions  other  than  moisture  supply. 
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(7)  Abnormal  atmospheric  conditions. 

(8)  Poor  seed. 

(9)  A  combination  of  unfavorable  conditions. 

.The  following  is  a  brief  description  of  the  methods  employed  and 
the  results  obtained  in  studying  these  possible  causes  of  curly-top. 


The  symptoms  of  curly-top  as  already  described  suggest  at  first 
the  presence  of  some  parasite  as  the  cause  of  the  disease.  The  writer 
has  made  many  attempts  to  prove  or  disprove  the  bacterial  theory 
of  curly-top.  Nutrient  agar  plates  have  been  poured  from  different 
parts  of  diseased  beets  of  different  ages  and  under  different  conditions 
of  growth.  In  only  a  few  cases  has  an  organism  been  isolated,  and 
such  organisms  have  not  induced  the  symptoms  of  curly-top  with 
certainty  in  any  case,  as  already  stated  on  page  11.  Inoculations 
have  b^n  made  into  various  parts  of  healthy  beets  of  different  ages 
and  under  field  as  well  as  greenhouse  conditions. 

It  might  bo  argued  that  the  organism  was  not  capable  of  growth 
on  the  culture  media  used,  and  therefore  could  not  be  separated  in  the 
usual  way.  With  this  possibility  in  mind,  pieces  of  tissue  were  cut 
from  different  parts  of  distinctly  diseased  beets  and  inserted  into 
incisions  made  in  healthy  beefs  of  different  ages  and  under  different 
conditions  of  growth,  but  always  with  negative  results  under  the 
conditions  employed. 


The  genera)  appearance  of  curly-top  beets  indicates  a  more  or  less 
starved  condition  of  the  plant,  although  a  chemical  examination  of 
the  diseased  plant  does  not  show  an  absence  of  the  necessary  food 
material.  It  is  possible,  however,  that  the  cells  of  the  diseased  plant 
are  incapable  of  utilizing  the  material  that  it  has  taken  up.  This  led 
to  the  theory  that  the  leaves  might  for  some  reason  fail  to  perform 
their  proper  function  and  thus  the  whole  plant  become  starved. 

One  of  the  most  serious  natural  injuries  that  has  been  observed  as 
occurring  on  beet  leaves  is  that  produced  by  the  fungus  Ct'rco»pora 
betieola  Sacc.  Pure  cultures  of  this  fungus  were  obtained  and  the 
spores  were  sprayed  upon  healthy  leaves  until  they  became  as  thor- 
oughly infested  with  the  fungus  as  possible.  No  symptoms  of  curly- 
top  appeared  in  any  of  the  beets- thus  treated,  either  immediately 
after  treatment  or  during  any  subsequent  growth  of  the  plant.  Like- 
wise in  the  fields  where  Cercospora  was  most  prevalent,'  no  cases  of 
curly-top  have  been  observed,  even  when  the  plants  were  almost 
entirely  defoliated  by  the  fungus. 
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In  order  to  carry  the  theory  of  leaf  injury  to  the  farthest  limit, 
several  hundred  sugar  beete  growing  in  the  greenhouse  had  their 
leaves  removed  and  were  left  otherwise  undisturbed.  (PI.  VII, 
fig.  1.)  New  tops  were  rapidly  formed,  all  of  which  were  in  every 
respect  perfectly  normal.  {PI.  VII,  fig.  2.)  The  treatment  was 
repeated  in  the  field  in  the  West,  where  curly-top  has  frequently  been 
found.  Some  of  the  rows  of  beets  selected  for  this  purpose  were 
entirely  defoliated  several  times  by  means  of  a  sharp  knife  with  no 
apparent  result  except  a  marked  retardation  in  the  growth  of  tlie 
beets.  Finally,  in  those  localities  where  curly-top  is  most  prevalent, 
the  beet  leaves  suffer  least  from  attacks  of  fungi  and  the  atmospheric 
conditions  are  most  favorable  for  the  performance  of  the  life  functions 
of  the  leaf.  If  curly-top  is  due  to  any  changed  condition  of  the  leaf, 
that  condition  is  not  induced  by  a  reduction  of  the  leaf  surface  or  by 
the  inability  of  the  leaf  cells  to  perform  their  normal  functions. 


In  certain  parts  of  the  sugar  beet  area  where  curly-top  is  found 
more  or  less  frequently,  the  soil  is  sometimes  permeated  with  a  fungus 
that  grows  close  to  the  main  root  of  the  beet,  often  matting  the  fibrous 
or  feeding  roots  together.  This  fungus  often  forms  in  the  soil  a 
network  of  white  filaments  easily  se^n  with  the  unaided  eye.  Pure 
cultures  of  the  fungus,  which  proved  to  be  a  species  of  Fusarium, 
were  (»btained  in  the  laboratory.  The  same  fungus  was  found  in 
fields  containing  diseased  roots  in  widely  separated  areas,  even  fn)iii 
different  States.  Inoculations  were  nia<le  with  this  fungus,  beet^ 
of  different  ages  from  seedlings  with  only  two  leaves  to  plants  two- 
thirds  grown  being  used.  These  inoculations  were  made  both  in  the 
greenhouse  and  in  the  field.  In  some  instances  the  fungus  was 
simply  placed  in  contact  with  the  healthy  root,  and  with  other  plants 
incisions  were  made  in  the  roots  and  the  fungus  placed  in  contact 
with  the  cut  surfaces;  but  in  none  of  the  artificial  inoculations  did 
the  fungus  seem  to  penetrate  the  tissues  of  the  l)eets,  an<l  no  symp- 
toms of  curly-top  were  produced  in  any  of  the  plants  inoculated. 

A  quantity  of  soil  was  obtained  from  one  of  the  fiehls  where,  curly- 
top  prevailed  in  1905,  and  this  has  been  used  for  two  years  in  growing 
sugar  beets  in  the  Department  greenhouses  at  Washington  under 
a  great  variety  of  moisture  and  temperature  conditions.  In  some 
instances  the  moisture  has  been  applied  to  the  surface  of  the  soil  only; 
in  other  cases  the  seed  and  resulting  plants  have  been  watered  only  ' 
from  below.  Some  of  the  plants  have  been  given  an  abundance  of 
moisture,  while  others  have  received  just  sufficient  to  keep  the  soil 
barely  moist  enough  to  keep  th^  plants  active.  The  tcmiwrature 
has  varied  from  85°  F.  to  50°  F.,  some  of  the  plants  remaining  con- 
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stantly  at  a  )iigli  temperature,  others  at  a.  low  temperature,  and  still 
others  at  an  intermediate  temperature.  It  is  noticed  that  if  the  soil 
is  allowed  to  beci>me  somewhat  dry  the  fungus  appears  among  the 
soil  particles  and  around  the  roots  of  the  plants,  but  in  all  of  these 
experiments  the  only  result  noticed  was  a  difference  in  the  size  of  the 
plant^.  In  no  case  were  curly-top  symptoms  induced  in  any  of  the 
plants  grown  in  this  soil  under  the  conditions  used. 

It  should  be  added  that  the  same  fun^sis  often  apparent  in  the 
soil,  and  even  in  contact  with  the  beets,  in  fields  where  not  a  single 
case  <if  curly-top  can  be  found.  Nevertheless;  there  may  be  condi- 
tions under  which  this  or  some  other  fungus  in  the  soil  may  affect  the 
beets  directly  or  indirectly  in  such  maimer  as  to  produce  curly-top. 
In  support  of  this  theory  is  the  fact  that  the  writer  bas  in  a  few  in- 
stances found  the  mycelium  <*f  a  Fusarium  fungus  actually  growing 
into  the  tissue  of  the  small  roots  of  diseased  beets.  It  can  not  be 
stated  positively,  however,  that  the  disease  is  caused  by  a  fungus 
until  the  (lisease  can  be  produced  at  wilt  by  inoculations  made  from 
a  pure  culture  of  that  fungus. 


The  fact  that  a  fungus  is  found  so  frequently  in  connection  with 
curly-top  and  that  in  a  few  instances  a  fungous  mycelium  has  been 
found  in  the  tissues  of  diseased  beets  has  led  to  certain  experiments 
with  fungicides.  The  substances  used  were  corrosive  sublimate  and 
copper  sulphate.  Solutions  of  different  strengths  were  made  and 
the  roots  of  <listinctly  diseased  beets  were  soaked  in  these  solutions 
for  different  lengths  of  time. 

The  copper  sulphate  solution  first  used  consisted  of  1  part  of  cop- 
per sulphate  in  3,000  parts  of  water  by  weight.  One  lot  of  beets  was 
soaked  in  this  for  two  minutes  an<l  another  lot  was  soaked  for  five 
minutes.  When  removed  from  these  solutions,  the  roots  were  all 
rinsed  in  distilled  water.  Upon  examining  these  roots  the  following 
day,  it  was  found  that  the  fungus  was  not  dead.  The  two  lots  of  roots 
were  again  soaked  for  two  minutes  and  five  minutes,  respectively,  in 
the  copper  sulphate  solution,  1  part  <if  copper  sulphate  in  1 ,000  parts 
of  water  being  uso<l.  This  seemed  to  kill  the  fimgus,  and  the  beets 
were  planted  in  6-inch  jHits  in  the  greenhouse. 

The  mercuric  chlorid  solution  consisted  of  1  part  of  mercuric 
chlorid  in  1,000  parts  of  water  by  weight.  One  lot  of  beet  roots  was 
soaked  in  this  solution  two  minutes  and  another  lot  was  soaked  five 
minutes,  and  bolh  lots  were  then  planted  in  6-inch  pots  in  the  green- 
house. For  comparison,  a  fifth  lot  of  liiscased  beets  was  planted  in 
6-inch  pots  in  the  greenhouse  witiiout  any  treatment.  A  number  of 
beets  in  each  lot,  including  the  controls,  began  after  several  weeks  to 
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present  leaves  with  broader  and  smoother  leaf  blatles,  and  in  from 
three  to  four  months  the  leaves  were  normal  in  shape.  Some  beets 
in  each  lot,  including  all  treated  lots,  retained  the  curly-top  symp- 
toms, although  the  fungus  could  not  be  found  again  upon  the  treated 
beets. 

It  has  been  observed  repeatedly  that  beets  with  distinct  curly-top 
symptoms  frequently  recover  to  all  appearances  when  kept  for 
several  weeks  uader  normal  greenhouse  conditions,  while  others 
under  similar  conditions  retain  the  symptoms  of  curly-top  for  months. 
In  the  vicinity  of  Washington,  D.  C,  the  treatment  with  fungicides 
would  indicate  that  tiie  destruction  of  the  fungus  growing  in  contact 
with  the  beet  does  not  influence  the  recovery'  of  diseased  plants. 

It  is  not  to  be  assumed  that  the  foregoing  treatments  with  fungi- 
cides are  considered  practical,  even  if  they  caused  the  diseased  plants 
to  recover.  The  experiments  were  undertaken  wholly  for  the  purpose 
of  shedding  light  upon  the  possible  relation  of  a  fungus  to  the  disease 
under  investigation. 


Frequently  curly-top  is  associated  with  some  insect  pest.  This 
occurrence  often  leads  the  grower  to  the  conclusion  that  the  insect 
most  prevalent  upon  the  diseased  beets  is  the  cause  of  the  disease. 
While  one  of  the  many  insect  pests  that  infest  growing  beets  may  be 
responsible  for  the  disease,  in  the  opinion  of  the  writer  this  has  not 
yet  been  demonstrated  beyond  doubt,  although  Doctor  Ball,  Direct<ir 
of  the  Utah  Agricultural  Experiment  Station,  who  has  done  con- 
siderable work  on  this  subject  in  cooperation  with  the  Bureau  of 
Entomology,  holds  that  the  so-called  "white  fly"  is  the  cause  of 
curly-top. " 

Frequently  the  curling  of  the  leaves  of  curly-top  beets  seems  to  bo 
due  to  a  failure  of  certain  portions  of  the  leaf  tissues  to  develop 
beyond  a  certain  stage,  as  shown  in  the  younger  leaves  in  Plate  IH, 
figures  1  and  2,  while  certain  other  leaf  c«lls  seem  to  make  an  abnor- 
mal growth,  causing  the  development  of  projections  on  the  lower 
leaf  surface,  as  shown  in  sections  of  leaver*  in  Plate  I\',  figure  1. 
Whether  or  not  these  and  other  abnormal  characters  of  curly-top 
beets  are  ilue  in  any  way  to  the  work  of  insects  can  only  be  deter- 
nuned  by  further  investigations. 

'■Ball,  E.  D.  The  Genua  Eut«ttix.  Proceedings  of  the  Davenpiirt  Academy  of 
ScienCM.  vol.  12,  pp.  41  and  84  and  plate  4,  July.  1907.  The  Beet  Leaf- Hopper, 
16th  Annual  Report,  Utah  Agricultural  Experiment  Station,  June,  1905,  p.  IG. 
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If  one  studies  the  curly-top  disease  in  a  restricted  locality  for  a 
single  season  he  will  almost  certainly  be  misled  in  his  conclusions. 
With  reference  to  no  conditions  attending  the  appearance  of  curly- 
top  is  this  more  generally  true  than  with  the  moisture  condition  of 
the  soil.  In  some  localities  where  curly-top  has  been  especially 
prevalent  during  certain  seasons  the  seed  bed  has  been  particularly 
dry,  so  that  the  seeds  germinated  slowly  and  unevenly  and  the 
eeedUngs  started  with  difficulty.  As  all  other  conditions  so  far  as 
observed  seemed  favorable,  it  was  fair  to  conclude  that  this  one  unfav- 
orable condition  was  responsible  for  the  diseased  condition  of  the 
beets.  However,  if  one  continues  his  observations  in  another  locality 
or  into  another  season  he  will  find  cases  of  curly-top  in  fields  where 
the  moisture  conditions  were  entirely  favorable  for  gennination. 

In  order  to  investigate  this  point  still  further,  greenhouse  experi- 
ments were  conducted  in  which  the  minimum  amount  of  moisture 
was  used  to  germinate  the  seed,  with  the  result  that  the  seed  was 
slower  in  germinating,  but  the  seedlings,  if  given  a  sufficient  supply 
of  water,  grew  normally.  If  only  a  minimum  amount  of  water  was 
given  the  seedlings,  they  remained  abnormally  small,  but  otherwise 
showed  no  symptoms  of  curly-top.     (PI.  X,  fig.  2.) 


During  the  first  few  years  in  which  curly-top  was  most  destructive 
it  occurred  only  in  those  localities  in  which  there  was  a  scarcity  of 
moisture,  and  the  diseased  beets  had  the  appearance  of  plants  suffer- 
ing from  a  lack  of  moisture.  This  led  several  observers,  including 
the  writer,"  to  arrive  at  the  conclusion  that  curly-top  is  due  to  a  lack 
of  moisture  at  the  taproot  of  the  beet.  Subsequent  observations 
in  the  field  and  carefully  conducted  experiments  in  the  greenhouse 
have  <lemonstrated  that  whatever  may  be  the  cause  of  curly-top  it 
is  nut  lack  of  moisture  alone. 

In  order  to  demonstrate  more  conclusively  the  effect  of  an  insuffi- 
cient water  supply,  a  number  of  seedling  beets  were  started  in  the 
greenhouse  in  large  pots  of  earth.  Some  of  these  plants  were  given  a 
sufficient  quantity  of  water  so  that  they  were  constantly  supplied 
with  moisture,  some  being  watered  entirely  from  below  so  that  the 
taproot  was  constantly  supplied,  while  others  had  the  water  apphed 
only  to  the  surface  of  the  soil.     Still  a  third  set  of  plants  started  at 

a  Ttiwnsend,  C.  O.  Some  Disposes  r,f  the  SiiRar  Beet.  Ke]xirt  Nr>.  72.  United  States 
Department  cif  Agriculture,  Progress  uf  the  Beet  Sugar  Industry  in  the  United  States, 
1901,  p.  90. 
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the  same  time  and  under  identical  conditions  received  only  enough 
moisture  to  keep  them  ahve,  and  this  was  applied  to  the  surface  of 
the  soil,  the  object  being  not  to  give  sufficient  water  at  a  time  to  per- 
mit it  to  soak  down  and  moisten  the  soil  around  the  taproot.  The 
results  are  shown  in  Plate  X,  figure  2,  in  which  the  dwarf  plant  {C) 
reeeived  only  enough  water  to  keep  it  alive.  The  leaves  were  normal 
except  in  size  and  the  roots  showed  none  of  the  ciirly-top  symptoms. 


The  observations  of  recent  years  seem  to  prove  that  too  much 
moisture  during  the  early  part  of  the  season  might  possibly  be 
responsible  for  the  appearance  of  curly-top.  However,  a  series  of 
observations  in  different  localities  shows  that  a  wet  seed  bed  may  do 
considerable  damage  to  the  stand  by  causing  the  seed  to  rot  and  the 
seedlings  to  damp-off,  but  this  is  not  necessarily  accompanied  by 
curly-top. 

Greenhouse  experiments  along  the  same  lines  have  demonstrated 
that  an  excess  of  moisture  during  the  early  life  of  the  plant  will  not 
produce  the  disease.  Ukewise,  a  verj'  wet  seed  bed  not  followed  by 
the  addition  of  moisture  either  in  the  form  of  rain  or  artificially 
applied  does  not,  according  to  the  observations  made  by  the  writer, 
insure  freedom  from  curly-top  in  all  cases.  The  distribution  of  dis- 
eased plants  in  the  field,  scattered  as  they  frequently  are  here  and 
there  among  the  healthy  heets,  would  prove  that  a  see<l  bed  too  wet 
could  nut  alone  be  responsible  for  the  occurrence  of  diseased  plants. 
Dr.  Wilhelmj"  is  of  the  opinion  that  curly-top  is  closely  connected 
with  water  supply,  but  this  point  does  not  seem  to  have  been  estab- 
lished by  actual  experiment  and,  as  has  already  been  indicated,  one 
may  reach  almost  any  conclusion  by  extending  or  limiting  his  obser- 
vations. 


In  some  of  the  irrigated  sections  where  a  limited  amount  of  water 
is  divided  among  a  large  number  of  growers,  it  sometimes  happens 
that  too  much  time  elapses  between  the  irrigations,  so  that  the  heets 
suffer  for  a  longer  or  shorter  period  from  lack  of  moisture.  When  the 
water  is  obtained  the  beets  are  given  as  much  moisture  as  the  ground 
will  hoki  with  the  hope  of  being  able  to  keep  them  supplied  until 
water  can  be  obtained  again  from  the  ditch.  Under  these  conditions 
curly-top  has  sometimes  appeared. 

In  order  to  determine  the  relation  of  varial)le  moisture  conditions 
to  this  disease,  beets  have  been  made  to  pass  through  their  extremes 

"Wilhelmj.  A.  Eine  Eigenartige  RUbenkrankheii .  Zeiischrift  dea  Vereins  tier 
DeiiUnhen  Zutker- Industrie,  April,  1907. 
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of  moisture  and  drought,  the  wot  and  dry  conditions  being  carried 
farther  and  for  a  longer  period  in  the  experiment  than  in  actual  prac- 
tice. The  results  have  been  only  dwarfed  plants  without  any  curly- 
top  symptoms.  These  experiments,  combined  with  many  field 
observations  of  beet  growing  in  which  there  was  great  variation  in 
moisture  supply,  sometimes  entirely  unaccompanied  by  curly-top, 
lead  to  the  conclusion  that  this  condition  alone  is  not  sufficient  to 
produce  the  disease. 


Since  irr^ation  streams  are  frequentlj'  supplied  with  large  quan- 
tities of  water  produced  from  melted  snow,  especially  in  the  early 
spring,  and  sine*  the  young  plants  are  most  frequentlj'  affected  with 
curly-top,  the  theory  has  been  advanced  that  the  eariy  irrigation 
waters  are  too  cold.  It  is  difficult  to  umlerstand  how  cold  water 
could  induce  curly-top  in  a  few  beets  here  and  there  throughout  a 
field,  and  yet  it  Li  not  impossible  when  we  consider  the  individuality 
of  the  beet.  It  is  likewise  difficult  to  explain  under  this  theory  the  ■ 
late  cases  of  ilisease  that  appear  in  the  middle  and  latter  part  of  the 
summer. 

However,  in  order  to  dispel  all  doubt  in  regard  to  the  matter  sev- 
eral series  of  beets  were  started  in  the  greenhouse,  and  as  soon  as  the 
seedlings  appeared  they  were  watered  with  ice  water  only.  In  some 
of  the  experiments  the  plants  were  watered  with  ice  water  every  day 
or  every  two  days,  while  in  other  experiments  the*  interval  between 
waterings  was  longer.  These  experiments  were  continued  for  several 
weeks  without  producing  any  curly-top  symptoms. 

It  might  be  adde<l  as  further  evidence  against  this  theory  that  one 
fiehl  which  has  been  un<ler  the  writer's  observation  for  the  seasons  of 
1905  and  1906  is  irrigate<l  with  water  from  warm  springs,  yet  each 
sea.ion  a  few  cases  of  curly-top  have  appeared.  Hence,  cold  water 
applie<l  at  any  time  during  the  growth  of  the  plants  is  not  the  pri- 
mary cause  of  <'urly-top. 

ABNORMAL    SOU.  ,CONniTION3. 


It  is  well  known  that  a  damp,  <'old  seed  bed  has  a  marked  influence 
upon  the  germination  antl  growth  of  plants.  There  is  a  strong  desire 
on  the  part  of  seed  growers  to  plant  their  .seed  as  early  as  possible,  so 
as  to  give  the  plants  a  long  season  to  grow  and  also  to  be  able  to  har- 
vest the  beets  before  cold  weather  sets  in.  This  practice  sometimes 
leads  the  growers  to  plant  before  the  ground  is  warmed  to  a  normal 
planting  temperature,  ^Tiile  this  condition  has  not  always  pre- 
c«<led  an  outbreak  of  curly-top,  it  has  sometimes  been  associated 
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with  it,  SO  it  was  deoified  to  test  the  effect  of  a  cohi  aee<i  bed  upon 
the  growth  of  beets.  Accordingly,  an  air  cooler  was  inHtalled  in  a 
small  room  in  which  the  temperature  could  be  controlled  within  cer- 
tain limits.  Boxes  of  soil  were  placed  at  different  distances  from 
the  cold-air  generator  and  also  at  different  distances  from  the  floor, 
and  the  soil  was  maintained  at  such  temperature  that  germination 
and  growth  proceeded  with  dilTiculty.  An  in.suHlcient  supply  of 
light  in  the  room  used  for  the  work  prevented  the  experiment  from 
being  entirely  satisfactory,  hut  during  the  several  weeks  that  the 
plants  lived  they  showed  no  signs  of  producing  curly-top  symptoms. 


The  fact  that  the  later  plantings  are  the  ones  that  are  occasion- 
ally most  severely  attacked  by  curly-top  raised  the  question  with 
some  growers  as  to  the  possibility  of  a  too  warm  seed  bed  being  the 
cause  of  the  disea.se.  In  considering  all  the  conditions  under  which 
curly-top  is  produced,  especially  the  frequencj-  of  the  disease  in  seed 
beds  that  are  not.  above  normal  temperature,  one  must  conclude  that 
excessive  warmth  of  the  seed  bed  does  not  produce  curly-tctp. 

To  t«st  artificially  the  effect  of  an  abnormal  temperature,  some 
seedling  beets  growing  in  pots  of  earth  were  place<l  near  the  furnace, 
where  the  temperature  which  was  recorded  daily  from  a  maximum 
and  minimum  thermometer  varied  between  T2°  and  104°  F.  While 
the  plants  made  verj'  little  growth,  owing  to  the  excessive  heat,  they 
showed  no  signs  of  curly-top  even  after  several  weeks. 


In  some  localities  where  curly-top  has  appeared,  a  hard  subsoil  has 
been  found  to  exist  so  close  to  the  surface  of  the  ground  that  the 
beet  roots  grow  down  and  come  into  contact  with  it  without  being 
able  to  penetrate  it.  This  condition  does  not  obtain  in  all  ptaces' 
where  curly-top  has  been  found.  Indeed,  the  <lisease  frequently 
occurs  in  localities  where  the  soil  is  of  a  rich  loamy  nature  to  the 
depth  of  several  feet.  Furthennore,  in  many  localities  where  there 
b  a  hardpan  underiying  a  shallow  soil,  beets  grow  without  develop- 
ing curly-top.  The  beets  produced  under  these  conditions  may  be 
dwarfed,  they  may  extend  abnormally  nut  of  the  ground,  or  they 
may  have  sprangled  roots,  but  these  abnormalities  do  not  necessa- 
rily accompany  curly-top. 


The  apparent  inability  of  curly-top  beets  to  grow  even  where  tem- 
perature and  moisture  conditions  are  known  to  be  normal  led  some 
of  the  growers  to  assume  that  curly-top  is  due  to  a  lack  of  avail- 
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able  plant  food  in  the  soil.  The  inability  of  the  badly  diseased  beets  to  . 
grow  would  indicate  either  that  the  diseased  plants  were  unable  to 
take  in  the  necessary  plant  food  from  the  soil,  from  the  atmosphere, 
or  from  both  of  these  sources,  or  that  having  absorbed  the  necessarj' 
food  material  the  plants  were  unable  because  of  their  dise-ased  condi- 
tion to  a.s.similate  it. 

Experience  lias  shown  that  plants  growing  in  poor  soil  are  no  more 
susceptible  to  curly-top  than  those  grown  in  rich  soil.  Further 
proof  of  the  incorrectness  of  this  theor>'  is  found  in  the  fact  that  fields 
in  which  beets  are  utterly  destroyed  one  seajson  will  without  the 
application  of  any  plant  food  produce  a  good  yield  and  quality  of 
perfectly  healthy  beets  the  following  season.  This  has  been  demon- 
strated in  actual  practice  under  the  writer's  observation  every  sea- 
son during  the  past  six  years.  In  one  locality  several  thousan<l 
acres  of  In-etfl  were  entirely  destroyed  by  curly-top  in  1903.  The 
following  season  a  large  part  of  this  area  was  replanted,  an<l  in 
everj-  instance  a  mast  satisfactory  crop  of  beets  was  obtained,  the 
most  <1iligent  search  failing  to  reveal  a  single  case  of  curly-top. 
Many  of  these  fields  received  no  special  treatment  for  the  crop  of 
1904,  and  if  there  had  been  a  lack  of  plant  food  during  the  season 
when  the  disease  was  prevalent  it  is  fair  to  assume  that  there  would 
have  been  the  same  lack  of  available  plant  food  the  following  sea- 
son. Again,  a  lack  of  available  plant  food  would,  not  affect  50  per 
cent  of  the  beets  in  a  field  and  leave  the  remaining  ones  perfectly 
healthy,  especially  with  the  two  kinds  scattered  about  over  the  entire 
area  and  standing,  as  they  frequently  do,  within  8  or  10  inches  of 
each  other. 

Plate  X,  figure  1,  shows  the  fourteenth  consecutive  crop  of  beets 
on  the  same  field  without  a  single  case  of  curly-top.  Furthermore, 
sugar  l)eets  are  frequently  grown  on  soils  that  have  become  appar- 
ently exhausted  by  numerous  grain  crops;  but  it  is  very  seldom  that 
any  cases  of  curly-top  are  found  in  these  fields.  Curly-top  may  be 
due  t<t  a  starved  condition  of  the  beeti.  but  if  so  the  trouble  iswith 
the  beet  and  not  with  the  soil  in  which  it  grows. 


The  two  main  sources  of  humus  for  the  irrigated  lands  of  the  West 
are  stable  manure  and  alfalfa.  The  small  amount  of  stable  manure 
produced  as  compared  with  the  large  area  to  be  supplied  with  humus 
makes  it  impossible  to  obtain  enough  humus  from  this  source  to  put 
the  soil  in  the  proper  physical  condition.  Formerly  it  was  customaiy 
with  many  farmers  to  let  the  alfalfa  fields  reiitain  undisturbed  for  a 
long  series  of  years  if  they  continued  to  furnish  a  paying  quantity  of 
alfalfa.     Under  such  conditions  many  of  the  other  cultivated  field 
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crops  suffered  for  want  of  humus,  and  the  same  conditions  prevail  in 
some  localities  at  present,  though  many  farmers  now  use  alfalfa  as  a 
rotation  crop,  plowing  it  under  after  only  three  or  four  years.  How- 
ever, the  scarcity  of  humus,  especially  in  earUer  years,  has  sometimes 
been  associated  with  curly-top,  a  circumstance  which  led  to  the 
advancement  of  the  theoiy  that  the  scarcity  of  humus  was  the  cause 
of  the  disease. 

Observations  of  more  recent  years  have  tended  to  di8cre<lit  this  . 
theory.  For  e;cample,  in  some  of  the  extensive  wheat-growing  areas 
of  the  West  it  has  sometimes  been  customary  to  grow  wheat  after 
wheat  for  a  number  of  years,  in  some  cases  even  until  the  yield  was 
no  longer  profitable.  During  these  years  of  wheat  growing,  fre- 
quently no  humus  was  added  to  the  soil  except  the  small  amount 
furnished  by  the  stubble.  If,  now,  beets  are  grown  in  this  soil  the 
first  crop  will  be  poor;  that  is,  the  beets  will  be  small  but  no  curly- 
top  will  necessarily  appear.  The  second  crop  of  beets  will  be  better 
than  the  first,  and  the  third  crop  will  be  better  than  the  second,  even 
without  the  addition  of  any  humus,  but  in  no  case  will  there  be  any 
curly-top  that  can  be  attributed  to  the  lack  of  humus.  On  the  con- 
trary, curiy-top  has  been  found  in  more  recent  years  just  as  frequently 
in  fields  well  supplied  with  humus  as  in  those  that  are  deficient  in 
this  material.  Furthermore,  the  fact  that  beets  will  thrive  without 
the  addition  of  humus  in  fields  where  they  were  entirely  destroyed 
the  previous  season  by  curly-top  is  proof  that  the  lack  of  humus  alone 
is  not  the  cause  of  this  disease. 

TOO  MUCH  ALKALI  IN  THE  SOIL. 

Many  growers  of  beets  in  the  more  alkaline  regions  have  associated 
curly-top  with  the  presence  of  alkali.  It  is  well  known  that  the 
amount  of  alkali  in  certain  layers  of  the  soil  varies  from  season  to 
season  and  from  time  to  time  during  the  same  season.  Without  any 
means  of  determining  the  amount  of  alkali  in  the  soil  it  was  assumed 
that  the  alkali  was  especially  abundant  in  those  spots  or  locahties 
where  the  disease  appeared.  More  recent  observations  have  shown 
that  the  soil  may  contain  a  sufiicient  quantity  of  alkali  to  kill  the 
plants  without  producing  curly-top,  and  even  if  the  quantity  of 
alkali  present  is  not  sufficient  to  destroy  the  life  of  the  plant,  but 
only  to  interfere  with  its  normal  functions,  a  <lwarfed  plant  will 
result,  but  none  of  the  curly-top  symptoms  is  necessarily  proiluced. 
On  the  other  hand,  curly-top  has  been  frequently  observed  in  locali- 
ties where  an  abnormal  amount  of  alkali  is  not  present;  at  any  time 
during  the  season. 

Several  series  of  greenhouse  experiments  were  conducted  to  sup- 
plement the  field  observations  in  regard  to  alkali  in  relation  to  curly- 
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top.  Ill  these  experiments  Imodium  chlorid  and  sodium  carbonate 
solutions  were  used.  The  solutions  were  made  up  in  four  strengths, 
namely,  1  part  of  the  salt  to  1,000  parts  of  water,  1  part  of  the  salt  to 
500  parts  of  water,  1  part  of  the  salt  to  100  parts  of  water,  and  a  sat- 
urated solution. 

The  plants  treated  varied  from  seedlings  2  weeks  old  to  beets  10 
weeks  old.  With  the  seedlings,  10  c.  c.  of  the  solution  were  applied 
at  a  time;  with  the  older  plants,  from  20  to  50  c.  c.  of  the  solution 
were  given  each  beet  at  each  application.  The  dilute,  solutions  were 
applied  to  the  plants  daily  for  thirty-two  days.  Some  of  the  plants 
died,  while  others  remained  alive,  but  a^umed  a  yellowish  tint  with- 
out showing  any  signs  of  curly-top.  The  seedlings  that  receivetl  the 
saturated  solutions  all  began  to  wilt  within  thirty  minutes  after  the 
solution  was  applied.  Several  of  the  plants  died  without  showing 
any  tendency  to  recover,  while  others  began  to  revive  in  from  five  to 
seven  days  and  continued  alive  for  several  weeks  with  the  appear- 
ance of  normal  beets.  In  the  case  of  the  older  plants,  the  dilute  solu- 
tions made  no  appreciable  difference  in  their  appearance  or  growth, 
while  the  saturated  solution  caused  the  leaves  to  assume  a  slightly 
paler  tint,  but  in  no  case  did  the  characteristic  symptoms  of  curly- 
top  develop. 


While  the  Bureau  of  Soils  was  making  a  survey  of  one  of  the  im- 
portant sugar-beet  localities  in  California  in  1901,"  certain  observa- 
tions were  made  regarding  the  relation  between  the  acidity  of  the  soil 
and  the  blight,  or  curly-top.  It  was  noted  by  Messrs.  Lapham  and 
Heileman,  who  had  direct  charge  of  the  survey  of  the  area  mentioned, 
that  many  of  the  soils  in  the  valley  under  observation  were  either 
neutral  or  slightly  acid  and  that  few  of  the  soils  showed  even  a  slight 
effervescence  with  hydrochloric  acid,  indicating  either  a  very  small 
amount  of  carbonate  of  lime  or  none.  They  observed  further  that 
the  soil  was  acid  in  those  fields  where  the  disease  occurred  in  that 
locality  and  that  the  disease  did  not  occur  in  this  locality  in  any  soil 
that  was  alkaline  to  litmus.  These  observations  naturally  led 
Messrs.  Lapham  and  Heileman  to  the  conclusion  that  the  deficienty 
of  lime  as  carbonate  gives  rise  to  a  neutral  or  slightly  acid  condition 
of  the  soil,  which  is  a  verj'  important,  if  not  the  most  important, 
factor  in  the  cause  of  beet  blight,  or  curly-top.  A.s  indicated,  how- 
ever, under  the  preceding  theory,  an  alkaline  condition  of  the  soil  does 
not  prevent  attacks  of  curly-top.     Field  observations  and  experi- 

1  Lapham,  M.  H.,  and  Hpileman,  W.  H,  Field  Operations  of  the  Bureau  of  Soils, 
Department  of  Agrirutture.  Soil  Sun-ey  of  the  Lower  Salinas  Valley,  ralifornia, 
1901,  p.  50G. 
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meDts  indicate  that  applications  of  lime,  whether  light  or  heavy, 
will  not  prevent  ourly-top.  It  is  possible,  however,  that  under  some 
circumstances  an  acidity  of  the  soil  may  be  a  factor  in  producing 
curly-top. 


A  properly  prepared  seed  bed  is  one  that  is  plowed  at  the  right 
time,  under  proper  conditions  of  moisture,  and  to  the  correct  depth 
without  turning  up  too  much  raw  soil.  It  must  be  worked  at  such 
time  and  in  such  manner  as  to  conserve  the  moisture  and  to  produce 
a  finn  seed  bed  below,  with  a  fine  mulch  about  IJ  inches  thick  on  the 
surface.  Owing  to  the  many  conditions  to  be  fulfilled  in  properly 
preparing  a  bed  for  beet  seed,  it  is  not  surprisingthatinmanyofthe 
fields  in  wfiich  curly-top  has  appeared  one  or  more  of  these  conditions 
have  not  been  fulfilled.  This  was  especially  true  several  years  ago, 
before  beet  growing  was  as  well  understood  as  it  is  at  the  pre.*wnt 
time. 

Ttus  theory  was  suggested  by  the  appearan<-e  of  curiy-toi)  in  cer- 
tain fields,  while  in  other  fields  in  tlie  same  locality  differently  pre- 
pared to  receive  the  seed,  the  di.seasp  was  ab.sent.  More  extended 
observations  and  experiments  teach  us  that  plants;  growing  in  the 
most  thoroughly  prepared  seed  bed  are  sometimes  seriously  affected 
with  the  disease.  Again,  the  distribution  of  the  diseased  plants  in  the 
field,  as  previously  mentioned,  contradicts  this  theory. 

IMPROPER   CULTtVATION    (>F   THE    BB^'N. 

This  may  include  both  the  time  of  cultivation  and  the  method  em- 
ployed. It  is  generally  conceded  that  cultivation  should  be  begun 
as  soon  as  the  rows  can  be  followed,  but  in  regard  to  the  depth  of 
cultivation  and  the  distance  that  the  cultivator  teeth  should  be  kept 
from  the  plants  there  is  considerable  difference  of  opinion  among  beet 
growers.  One  of  the  strongest  ailments  against  the  belief  that  lack 
of  cultivation  may  be  a  cause  of  the  disease  is  to  be  found  in  the 
abandoned  or  neglected  beet  fields  which  one  occasionally  finds  here 
and  there  in  different  parts  of  the  sugar-beet  belt,  inasmuch  as  these 
abandoned  fields  are  frequently  free  from  curly-top.  If  the  method 
of  cultivation  is  a  factor  in  producing  the  disease,  it  is  presumably 
because  of  the  injury  to  the  side  roots  due  to  deep  or  close  cultivation 
or  to  both  deep  and  close  cultivation.  We  find  that  deep  and  close 
cultivation  are  practiced  just  as  frequently  in  the  areas  where  curly- 
top  has  never  appeared  as  they  are  in  those  areas  where  the  disease 
has  been  most  destructive. 

By  way  of  experiment  a  number  of  beets  of  different  ages  were 
injured  by  cutting  the  side  roots  with  a  large  knife.  The  results  so 
far  as  curly-top  is  concerned  were  negative. 
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The  first  operation  in  caring  for  the  beets  after  they  are  up  is  that 
of  thinning.  It  is  well  known  that  any  delay  in  performing  this 
operation  will  result  in  a  decrease  in  the  yield  of  beets  to  the  acre, 
but  30  far  as  can  be  ascertained  by  field  observations  and  greenhouse 
experiments  the  delay  does  not  produce  any  of  the  symptoms  of 
curly- top. 


It  is  well  known  that  the  roots  of  land  plants  must  receive  a  suffi- 
cient quantity  of  air  in  order  to  produce  a  normal  growth  of  the 
plant.  The  appearance  of  curly-top  in  many  fields  where  a  crust 
had  formed  on  the  surface  of  the  soil  led  some  observer  to  think 
that  this  disease  might  be  due  to  a  lack  of  air  aroimd  the  roots.  A 
study  of  curly-top  in  other  localities  established  the  fact  that  the 
disease  is  not  confined  to  those  fields  where  a  crust  has  formed  on 
the  surface,  nor  even  to  those  localities  where  the  soil  is  of  such  a 
nature  that  the'  crust  forms  readily  imder  the  conditions  that  prevail 
during  the  early  life  of  the  plants. 

In  some  instances  curly-top  has  appeared  in  localities  where  there 
was  an  excessive  supply  of  moisture  in  the  early  part  of  the  season. 
This  led  to  the  suggestion  that  too  much  moisture  at  the  taproot, 
if  continued  for  some  time,  might  produce  curly-top  by  cutting  off 
the  air  supply.  In  some  of  the  many  sections  of  the  sugar-beet 
area  certain  seasons  have  been  excessively  wet.  Some  fields  not 
properly  drained  have  been  for  a  number  of  days  under  water.  This 
abnormal  condition,  if  of  sufficient  duration,  invariably  results  in  a 
weakened  condition  of  the  beets,  as  indicated  by  the  yellow  color 
of  their  leaves,  a  state  from  which  they  may  eventually  recover  to 
a  considerable  extent  if  normal  conditions  are  restored  and  allowed 
to  continue.  In  no  case  where  these  excessive  rainfalls  have  oc- 
curred and  abnormally  wet  conditions  have  prevailed  for  several 
weeks  have  any  symptoms  of  curly-top  been  observed. 

Curly-top  usually  occurs  in  the  irrigated  sections,  where  the  danger 
of  excessive  moisture  is,  of  course,  at  a  minimum.  In  the  greenhouse 
this  abnormally  wet  condition  of  the  taproot  has  been  repeated  with 
plants  of  different  ages  and  at  different  temperatures  with  similar 
negative  results.  As  already  pointed  out,  curly-top  often  appears 
in  those  fields  where  the  soil  is  well  drained  and  under  thorough 
cultivation  and  thrives  where  the  conditions  for  a  proper  air  supply 
are  best.  While  a  lack  of  air  around  the  roots  may  be  a  secondary 
factor  in  producing  curly-top,  it  certainly  is  not  the  primary  cause 
of  this  disease. 
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ABNORMAL  ATHOBPHEBIC   CONDITIOKS. 

ATMOSPHERE    TOO    COLD   AT  TIHE   OP  OEHNINATinK. 

The  experiment  just  described  served  also  to  illustrate  the  effect 
'  ot  a  cold  atmoephere  upon  the  young  beet  plants.  Aside  from 
retarded  growth,  no  abnormal  symptoms  were  observed.  Fre- 
quently in  the  field  one  finds  that  the  desire  to  plant  early  leads  to 
the  production  of  seedling  beets  before  the  cold  nights  are  over,  so 
that  the  young  plants  are  subjected  to  extremes  of  temperature. 
While  these  conditions  have  sometimea  been  followed  by  a  more  or 
less  severe  outbreak  of  curly-top,  there  have  been  so  many  excep- 
tions that  one  is  led  to  the  conclusion  that  no  relation  exists  between 
curly-top  and  the  cold  atmosphere. 


In  many  fields  where  curly-top  appears,  windbreaks  are  to  be 
found  along  one  side  of  the  field.  These  windbreaks  may  consist 
simply  of  a  fence,  or  of  a  row  of  trees,  or  of  a  field  of  grain.  It  has 
been  frequently  observed  that  the  beets  growing  close  to  the  wind- 
break, and  therefore  most  completely  protect«d  from  winds,  are 
least  affected  by  curly-top.  (PI.  IX,  fig.  1.)  These  observations 
lead  to  the  theory  that  hot,  dry  winds  blowing  over  the  beet  fields,  as 
they  often  do  nearly  every  day  ajt  certain  hours  in  some  localities, 
induce  the  disease. 

In  order  to  produce  as  nearly  as  possible  the  same  conditions  arti- 
ficially, a  number  of  seedling  beets  were  started  in  pots  in  the  green- 
house, and  when  firmly  established  were  placed  in  the  laboratory 
engine  room,  where  the  heated  air  from  the  boiler  could  be  blown  over 
the  plants.  This  was  accomplished  by  arranging  an  electric  fan  on  the 
same  level  with  the  plants  and  allowing  the  fan  to  blow  the  hot  air 
from  the  boiler  over  them  for  several  hours  each  day.  The  plants 
were  supplied  with  an  abundance  of  moisture  and  all  other  ciinditions 
were  normal,  except  that  the  light  was  not  as  intense  as  it  would  have 
been  in  the  open.  Several  sets  of  plants  were  treated  from  two  to 
four  weeks  in  the  manner  described.  Some  of  the  plants  died,  pre- 
sumably from  the  treatment,  but  in  no  case  did  any  symptoms  of 
curly-top  appear,  either  during  the  treatment  described  or  during  the 
subsequent  life  of  those  plants  that  were  returned  to  the  greenhouse 
alive.  Therefore,  the  experiments  thtis  far  conducted  along  this  line 
indicate  that  hot  winds  alone  are  not  the  cause  of  curly-top.  At  the 
same  time  it  is  difficult  to  explain  why  it  is  that  the  healthier  beets 
are  frequently  found  in  the  more  protected  localities.  One  exception 
to  this  general  rule  was  observed  during  the  summer  of  1906  on  the 
Department  experimental  farm  at  Amarillo,  Tex.     About  one  acre 
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of  beets  was  grown  for  experimental  purposes,  and  that  part  of  the 
plot  best  protected  from  the  prevailing  winds  by  a  plot  of  sorghum 
contained  many  specimens  of  curly-top. 

FOUR    SEED. 

More  frequently  than  any  other  one  factor  in  sugar-beet  growing, 
the  quality  of  the  seed  has  been  held  resjtonsible  by  the  growers  for 
the  outbreaks  of  curly-top.  Many  of  the  men  who  hold  to  this  theory- 
have  no  definite  idea  in  regard  to  what  constitutes  the  particular  poor 
quality  of  the  seed  that  causes  curly-top  to  develop.  Some  growers, 
however,  believe  that  there  is  in  some  seeds  an  inherited  tendency 
toward  the  disease,  while  otherw  maintain  that  small  or  poorly  devel- 
oped seeds  produce  weak  plants  that  are  unable  to  grow  in  a  normal 
manner  and  are  therefore  easily  attacked  by  disease. 

Whatever  view  is  held  in  regard  to  the  details  of  this  theory,  the 
distribution  of  the  diseased  planta  in  the  field — a  badly  diseased 
plant  often  standing  within  a  few  inches  of  a  perfectly  healthy  one — 
would  tend  to  support  the  poor-seed  theory.  On  the  other  hand, 
we  find  a  number  of  circumstances  that  appear  to  render  tliis  theory 
impossible.  In  1903  curly-top  destroyed  50  per  cent  of  the  beets  in 
a  certain  locality,  and  the  seed  used  was  a  part  of  a  shipment  the 
remainder  of  which  was  used,  according  to  good  authority,  in  two 
other  localities.  In  the  second  and  third  localities  where  this  seed 
was  used  practically  no  curly-top  developed.  It  should  be  further 
noted  that  some  fields  in  the  badly  diseased  locality  were  entirely 
free  from  curly-top,  although  they  were  planted  with  see<l  from  the 
same  sliipinent.  If  all  fields  and  all  localities  in  which  this  seed  was 
used  had  been  equally  affet^ted  we  would  liave  strong  proof  of  the 
poor-seed  Ihoory. 

In  1904  certain  fields  reported  to  have  been  planted  from  the  same 
sack  of  seed  were  variously  affected,  some  being  very  badly  diseased 
and  others  practically  not  at  all.  If  curly-top  is  due  to  the  quality  of 
the  seed,  it  would  be  difficult  to  explain  why  some  seed  beets  show 
curly-top  symptoms  during  the  second  year's  growth  when  they  were 
to  all  appearances  perfectly  healthy  during  the  first  season  of  their- 
existence. 

In  experiments  with  small  seeds  as  compared  with  large  ones,  the 
plants  in  both  cases  have  been  equally  free  from  curly-top.  In  these 
experiments  it  must  be  remembered  tliat  the  size  of  the  seed  ball  does 
not  indicate  the  size  of  the  individual  seed.  This  latter  point  can 
be  determined  only  by  close  examination  of  the  seeds  to  be  used. 

Finally,  the  same  quality  of  seed  is  generally  used  in  different  parts 
of  the  sugar-beet  area.  If  curly-top  is  due  to  inferior  seed  it  will  be 
necessary  to  find  some  explanation  for  the  entire  absence  of  curly-top 
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in  certain  portions  of  the  sugar-beet  area.  Whatever  the  cause  of 
curly-top  may  be,  the  bulk  of  the  evidence  indicates  that  the  quality 
of  the  seed  is  not  the  primary  factor  in  its  development. 

COMBINATION    OP    UNFAVORABLE    CONDITIONS. 

Negative  resulkt  in'  matters  like  the  foregoing  are  conclusive  only 
so  far  as  they  relate  to  existing  conditions  and  circumstances,  and  it 
must  be  remembered  that  under  other  conditions  the  same  agent  or 
factor  might  give  positive  results.  Therefore,  it  can  be  stated  with 
certainty  only  that  the  factors  discussed  are  not  responsible  for  curly- 
top  under  the  circumstances  and  conditions  under  which  the  observa- 
tions and  experiments,  were  made;  that  is,  there  may  be  conditions 
not  yet  investigated  in  which  the  fungus,  for  example,  may  produce 
the  curly-top  symptoms.  Or  it  may  be  that  some  fungus  other  than 
the  one  isolated  may  yet  be  found  to  be  responsible  for  the  disease. 
In  considering  the  possible  factors  that  might  cause  curly-top,  many 
combinations  of  unfavorable  conditions  have  been  suggested  and 
many  of  them  have  been  investigated.  In  this  connection  the  theo- 
ries mentioned  may  conveniently  be  considered  under  the  following 
groups,  namely:  Parasites,  soil  conditions,  weather  conditions,  cul- 
tural conditions,  and  seed. 

The  bai^terial  and  fungus  parasites  isolated  have  been  tested; 
that  is,  inoculations  have  been  made  into  healthy  beets  of  different 
ages,  from  seedlings  a  few  days  old  to  beets  one-half  to  two-thirds 
grown.  Both  field  and  greenhouse  conditions  have  been  tried;  the 
field  conditions  under  various  methods  of  irrigation,  the  greenhouse 
conditions  under  diiterent  degrees  of  temperature  and  moisture. 
Various  combinations  of  soil  conditions  have  been  made,  dry  and 
moist  soil  being  used  at  temperatures  varying  from  80°  F.  to  50°  F. 
Dry  and  moist  soils  were  combined  with  hot,  dry  winds,  and  conse- 
quently hot,  dry  winds  were  combined  with  dry  and  moist  soils. 
The  same  seed  was  tried  under  different  conditions  of  soil  with  respect 
to  dryness  and  moisture,  with  respect  to  alkalinity  and  aciditj,  and 
v,-ith  respect  to  temperature  and  time  of  planting.  In  none  of  the 
combinations  of  unfavorable  conditions  that  have  been  tried  have 
any  indications  of  curly-top  traceable  to  these  conditions  been  pro- 
duced. It  is  entirely  possible  that  some  combination  of  conditi<in3 
will  be  found  that  will  produce  the  curly-top  symptoms.  However, 
the  matter  does  not  seem  as  simple  to  the  writer  as  it  is  expressed  by 
Doctor  Wilhelmj "  when  he  says  the  beets  do  not  become  diseased 
whether  they  have  a  great  deal  of  moisture  or  none  at  all  in  the  form 
of  rain  during  the  first  part  of  their  growing  period,  but  that  they  do 
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become  diseased  if  a  hard  rain  falls  after  a  period  of  drought.  It  is 
undoubtedly  true  that  the  digestion  of  curly-top  beets  has  become 
abnormal,  as  Doctor  Wilhehnj  states,"  but  the  cause  of  this  dis- 
turbance has,  in  the  writer's  opinion,  not  yet  been-  established. 

NOHCONBBCUnVB  APFBAKAKCB  OF  CXmLT-TOF. 

One  of  the  most  important  facts  in  regard  to  curly-top  is  that  it 
very  seldom  appears  two  consecutive  years  in  the  same  locality. 
During  the  six  years  that  this  disease  has  been  under  observation 
by  the  writer  it  has  been  destructive  during  two  consecutive  years 
in  but  one  locality,  and  in  this  case  the  relative  number  of  diseased 
beets  was  not  nearly  so  great  the  second  year  as  it  was  the  first.  In 
general,  it  may  be  said  that  the  appearance  of  curly-top  in  a  given 
locality  one  season  does  not  in  any  way  endanger  the  crop  for  the 
following  year.  As  previously  stated,  the  locality  in  which  curly- 
top  was  so  destructive  in  1903  had  an  exceptionally  good  crop  in 
1904,  practically  no  cases  of  curly-top  being  found  even  in  the  fields 
in  which  the  beets  were  entirely  destroyed  the  preceding  year. 

BEETS  ASSISTANT  TO  CUBLT-TOP. 

The  distribution  of  healthy  beets  among  diseased  ones  in  many 
badly  infested  fields,  as  shown  in  Plate  IX,  figure  2,  would  seem  to 
indicate  that  certain  beets  arc  resistant  to  curly-top.  Fof  the  pur- 
pose of  breeding  plants  resistant  to  this  disease,  several  hundred 
healthy  beets  were  selected  and  siloed.  Care  was  taicen  to  find 
healthy  beets  that  were  growing  close  to  badly  diseased  ones,  so  that 
in  case  of  possible  communicability  of  the  disease  we  would  have 
those  that  were- unmistakably  resistant.  Selections  of  this  kind  were 
made  in  diflerent  localities  in  1902,  1903,  and  1904.  In  each  case 
the  siloed  beets  came  through  the  winter  in  good  condition  for  plant- 
ing, and  very  nearly  all  of  them  produced  seed  which  was  of  good 
quality.  The  difficulty  in  determining  whether  or  not  the  seed  would 
produce  beets  resistant  to  curly-top  was  found  in  the  fact  that  it  is 
impossible  to  predict  where  the  disease  will  occur  in  any  given  season. 
It  has  never  been  serious  in  more  than  three  or  four  localities  at  one 
time,  and  these  more  or  less  restricted;  and  the  fact  already  pointed 
out  that  it  practically  never  occurs  two  years  in  succession  in  the  same 
locality  makes  it  impossible  to  know  where  to  grow  the  beets  to  deter- 
mine whether  or  not  they  are  resistant  to  curly-top.  Even  if  we 
knew  in  what  locality  the  disease  would  occur,  the  fact  that  adjacent 
fields  or  different  parts  of  the  same  field  are  affected  to  very  different 
degrees  so  far  as  the  appearance  of  the  disease  is  concerned  would 
still  render  the  problem  impossible  of  solution  from  this  standpoint. 
Again,  it  would  seem  that  plantings  made  in  any  locality  just  as  soon 
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as  the  disease  makes  ils  appearance  ought  to  help  in  determining  the 
reaistance  of  plants;  but  observation  has  shown  that  plantings 
made  with  the  same  seed,  but  a  few  days  before  or  after  certain 
badly  diseased  fields  were  planted,  are  frequently  but  slightly  if  at 
all  Reeled  with  curly-top. 

At  one  of  our  sugar-beet  stations  where  a  quantity  of  seed  selected 
for  curly-top  resistance  was  planted  along  with  twenty-five  other 
varieties  and  strains,  some  curly-top  beets  were  found  in  each  plot. 
This  seed  was  all  planted  on  April  22,  1907,  and  each  plot  received 
the  same  treatment  throughout  the  season.  At  the  end  of  the  grow- 
ing season  a  careful  count  of  all  the  curly-top  beets  found  among 
each  of  the  twenty-six  varieties  and  strains  grown  on  equal  areas 
showed  that  for  every  10.7  beets  affected  with  curly-top  found 
among  those  grown  from  seed  selected  for  curly-top  resistance  there 
were  from  22  to  124  among  the  other  twenty-five  varieties  and 
strains  not  selected  for  resistance.  A  lai^  number  of  selections 
were  made  from  the  plot  that  indicated  curly-top  resistance,  and 
this  strain  will  be  perpetuated  and  improved  with  a  view  to  making 
it  entirely  resistant  to  curly-top. 

coionniiCABiLmr  of  ctmLT-TOP. 

All  evidence  thus  far  obtained  is  against  the  transmission  qf  curly- 
top  from  plant  to  plant  by  any  known  means.  In  the  field  we  find 
beets  badly  diseased  growing  side  by  side  with  others  to  all  appear- 
ances perfectly  healthy.  It  is  not  uncommon  for  this  condition  to 
exist  throughout  the  season.  Furthermore,  several  instances  have 
been  observed  by  the  writer  in  which  two  plants  have  been  found 
growing  in  close  contact  with  each  other,  one  showing  all  the  symp- 
toms of  curly-top  and  the  other  presenting  a  perfectly  normal  appear- 
ance. This  state  of  contact  continued  throughout  the  season  without 
developing  any  curly-top  symptoms  in  the  healthy  beet.  Bits  of 
tissue  have  been  cut  from  diseased  beets  and  inserted  in  incisions  made 
in  different  parts  of  healthy  l)eet  roots,  but  in  no  case  has  curly-top 
developed  under  the  conditions  used.  No  definite  conclusion  can  be 
reached  regarding  the  point,  however,  until  the  exact  cause  of  curly- 
top  is  known. 

FBRSIBTBHCB  OF  CURLT-TOP. 

In  ^most  all  cases,  beets  that  have  become  unmistakably  affected 

with  curly-top  either  die  from  the  effects  of  the  disease  before  the  end 

(rf  the  season  or,  if  the  beets  continue  to  live  throughout  the  season,  as 

they  frequently  do  unless  the  outbreak  is  very  severe,  the  curly-top 

symptoms  remain  apparent.     No  amount  of  special  attention  seems 

to  be  effective  in  restoring  the  diseased  beets  to  a  normal  condition  so 

long  as  they  remain  in  the  field  where  they  were  first  attacked.     In 
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some  instances  if  they  are  taken  up  and  removed  to  some  other  soil 
they  seem  to  recover  after  several  weeks,  ao  far  as  the  appearance 
of  the  leaves  is  concerned.  Thus,  a  badly  diseased  beet  transplanted 
to  a  greenhouse  of  the  Department  of  Agriculture  in  August,  1 902,  was 
photographed  six  months  later,  showing  the  flat  leaves  commonly 
found  on  healihy  beets.  {PI.  VI,  fig,  2.)  This  change  does  not  always 
take  place,  however,  even  when  the  beets  have  been  placed  under 
different  climatic  conditions  and  transplanted  into  entirely  different 
soil. 

Some  badly  diseased  beeta  planted  in  the  greenhouse  in  August, 
1905,  still  retained  their  curly-top  symptoms  even  at  the  end  of  eight 
months.  If  the  diseased  leaves  are  removed  the  new  set  produced 
shows  all  the  leaf  symptoms  of  curly-top.  If  the  new  set  of  leaves  is 
in  turn  removed  the  third  set  may  be  as  badly  affected  as  the  first  or 
second,  as  demonstrated  by  repeated  experiments  in  the  greenhouse 
and  in  the  field.  If  the  beets  are  left  in  the  field  and  given  special 
attention  in  the  way  of  irrigation,  cultivation,  etc.,  the  curly-top  con- 
tinues to  develop  in  the  same  way  and  to  the  same  extent  as  in  the 
adjacent  rows  where  the  beets  have  received  no  special  attention. 


Curly-top  is  not  identical  with  any  disease  of  the  beet  previously 
described,  except  possibly  that  described  from  Indiana. 

It  is  a  distinct  disease  with  well-marked  symptoms. 

It  has  not  been  reported  with  certainty  from  any  country  other 
than  the  United  States. 

It  has  thus  far  been  confined  to  the  middle  and  western  parts  of 
this  country. 

It  is  capable  of  ap[>earing  under  a  great  variety  of  soil  and  climatic 
conditions. 

It  does  not  seem  to  be  produced  by  any  one  abnormal  condition  of 
soil  or  climate. 

It  does  not  seem  to  be  due  to  any  parasite  isolated  thus  far. 

It  does  not  seem  to  be  due  to  the  condition  of  the  seed. 

It  attacks  stock  and  garden  beets  as  well  as  sugar  beets. 

It  is  not  limited  to  beets  of  any  particular  age. 

It  does  not  seem  to  be  communicated  directly  from  beet  to  beet. 

It  has  not  appeared  to  any  serious  extent  two  years  in  succession 
in  the  same  locality. 

There  are  indications  that  a  strain  of  beets  resistant  to  curiy-top 
may  be  developed. 

Growers  need  not  hesitate  to  plant  beets  in  a  field  even  though  their 
entire  crop  of  beets  in  that  field  was  destroyed  by  curly-top  the  pre- 
ceding year. 
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Plate  I.  {FrorUitpiere.)  A  Eufmr  bret  four  mnnUiB  old.  nhowingthe  usual  external 
symptoms  of  curiy-top— lAe  curled  and  twisted  leavc«  with  greatly  shortened 
Btema  and  poorly  dcvt'loped  blades,  but  abnormal  in  number;  alsn  the  exceeeive 

development  of  Hide  roots  on  the  dwarfed  main  root.     (Natural  size.). 

Plate  II.  A  healthy  sugar  beet  four  months  old  for  compariaoa  with  the  diseased  beet 
shown  in  Plate  1,     (About  one-fifth  natural  ri^.e.! 

Plate  HI.  Fig.  1. — Leaves  from  a  e^ar  beet  three  months  old  affected  with  curly- 
top;  one  Iraf  from  each  whorl.  The  muzh  lower  Rurfacea  are  apparent  aa  well  as 
the  short  petioles  and  undeveloped  and  twisted  blades.  (About  three-fourths 
natural  size.)  Fie.  2. — I^eavea  from  a  healthy  beet  of  the  same  age  as  that  shown 
in  figure  1;  one  leaf  from  each  whorl.  The  young  leaves  are  not  yet  fully 
expanded.    (About  one-fourth  natural  size.) 

Pi.ATB  IV.  Pig.  1. — Cross  seel  ion  of  a  healthy  leaf  through  a  vein,  showins  the  pom- 
lion  of  the  tiseuea.  Fig.  2..— Section  of  a  leaf  through  a  vein  of  a  curly-top  leaf , 
showing  the  aonormal  position  of  the  fibni-vasculBr  bundle  and  the  unnatural 
cell  development  producing  among  other  changes  the  projectionB  on  the  lower 
surface  of  the  leaf. 

Plate  V.  Fig.  1. — Trow  BcctionBof  a  sugar  beet  four  mnnthe  old  affected  with  eurly-top. 
The  cuts  were  made  at  intcr\'al9of  1  inch,  beginning  1  inch  from  tho  crown.  The 
rings  of  fibin-vascular  bundles  show  the  dark  color  characteristic  of  curiy-top. 
The  rings  are  mor«  striking  in  the  larger  part  of  the  beet;  each  sci^tion,  however, 
has  the  dark  color.  (About  natural  aize.l  Fig.  2.— Cross  sections  of  a  healthy 
sugar  beet  of  nimc  size  as  that  shown  in  figure  1.  Fibro- vascular  bundles  are 
apparent,  but  are  not  dark.  The  pholi^raphs  for  both  figures  were  taken  one  hour 
alter  cutting.  Tho  sections  for  figure  2  were  made  at  intcrrals  of  1  inch,  begin- 
ning 1  inch  from  U;p  crown,  as  in  figure  1.     (About  natural  size.) 

Plate  VI.  Fig.  1. — Loncitudinal  section  of  a  sugar  beet  tour  months  old  affected  with 
curly-lop,  showing  how  the  dark  fibro-voscular  bundles  are  continuous  through- 
out the  length  (if  the  plant.     (About  four-fiilha  natural  size.)     Fig.  2. — A  sugar 


beet  that  was  obtained  in  August.  1903.  at  which  time  it  had  all  the  symplome  of 
curly-top  shown  in  Plate  I.  This  photograph  was  made  seven  months  later,  and 
the  leaves  have  ahnost  no  curled  appearance.    The  plant  appears  to  have  recovered 


from  tho  curly-top,     (About  two-Bevenlhs  natural  bi_  . 
Plate  VII.  Fig.  1.— Beet*  six  weeksold  defoliated  just  above  the  crown  by  means  of  a 

sharp  knife.     Conditions  for  growth  remain  normal.     Fig.  2. — The  same  plants 

four  weeks  later,  showing  new  vigorous  tops  free  from  even  the  slightest  symptom  . 

of  curly-top. 
Plate  VIII.  Fig.  1. — Garden  Iwels  tour  months  old  showing  symptoms  of  curly-top. 

These  beets  were  in  a  row  on  south  side  of  seed  beets  among  which  were  a  number 

of  cases  of  curly-top.     Fig.  2.— Garden  beets  from  same  row  showing  no  sign  of 

curly-top. 
Plate  IX.  Fig.  l.^Field  thai  waa  planted  to  sugar  beets  and  a  gooJ stand  obtained. 

Curly-top  has  destroyed  all  the  beets  in  (he  torcCTound.     In  the  remainder  of  the 


field  there  are  many  cases  of  curly-top,  but  the  beels  continue  to  live.  Fig.  2. — 
Field  of  beets  aSected  with  curly-top.  showing  the  poSBihilities  of  selection  for 
curly-top  resistance.    Not  more  than  1  per  cent  of  these  beets  are  free  from  curly- 

I^ATB  X.  Fig.  1. — Field  showing  the  fourteenth  consecutive  crop  of  beets  free  from 
curly-top,  pioving  that  successive  planting  ot  beels  without  crop  rotation  will  not 
of  itscH  produce  the  disease.  Figure  2  reprenenis  three  planls  (^,  B.  C)  which 
received  treatment  as  follows:  A  received  anabunilant  supply  of  water  from  below 
only.  B  received  an  abundant  supply  of  fljater  from  the  suriaceonly,  and  Creceived 
just  enough  water  Ut  keep  the  plant  alive,  but  never  enough  at  any  one  time  to 
soak  down  to  (he  laprool.  The  plant  C.  although  small,  is  in  all  reepecis  perfectly 
healthy;  that  is.  it  posscBSPs  no  symploms  of  curly-top.  which  shows  that  an 
absence  of  moisture  from  the  taproot  is  not  a  condition  which  in  ilself  will  produce 
curly-top.  Plants  A.  B,  and  C  an!  of  exactly  tho  same  age.  (About  one-«ighth 
natural  size.) 

Pi.ATB  XI.  Fig.  1. — Stem  of  st-i'il  beet  aflecled  with  curlv-top.  This  plant  showed  no 
indication  of  curly-top  during  i(fl  first  seanon's  growOi.  Fig.  2. — St*m  of  healthy 
seed  beet  for  comparison  wilh  that  shown  in  figure  1. 
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Fig.  1.-Ga(iden  Beets  Four  Months  Old  Smowinq  Symptoms  of  Curlv-Top. 


FiQ.  2.— Gaboem  Beets  Foub  Months  Old  Free  from  Curlv-Top. 
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United  States  Defabtment  of  Agricultubk, 

BUBEAU  OF  Pi^NT  iNDUSTHr, 

Office  of  the  Chisf, 
Waghington,  D.  C,  November  22, 1907. 

Sib  :  I  ha«e  the  honor  to  transmit  herewith  a  manuscript  entitled 
"  The  Decay  of  Oranges  While  in  Transit  from  California  "  and  to 
recommend  that  it  be  published  as  Bulletin  No.  123  of  the  Bureau 
series.  It  has  been  prepared  by  Mr.  G.  Harold  Powell,  Pomologist 
in  Charge  of  Pruit  Transportation  and  Storage  Investigations,  as- 
sisted by  Messrs.  A.  V.  Stubenrauch,  L.  H.  Tenny,  H.  J.  Eustace, 
G.  W.  Hosford,  and  H.  M.  White,  all  of  Field  Investigations  in 
Pomology,  and  has  been  submitted  by  Mr.  William  A.  Taylor,  Pomol- 
ogist in  Charge  of  Field  Investigations,  with  a  view  to  publication. 

The  investigations  summarized  in  this  manuscript  are  unique  in 
that  they  have  involved  the  actual  handling  and  careful  inspection 
of  large  quantities  of  oranges  through  all  the  various  operations 
to  which  the  fruit  is  subjected  in  its  progress  from  the  trees  in 
California  to  the  markets  in  eastern  cities.  This  has  included  the 
actual  custody  of  numerous  carload  lots  of  fruit  while  in  transit 
under  different  methods  of  railroad  transportation.  The  investiga- 
tions, in  general,  have  been  conducted  on  a  commercial  scale  and 
luder  commercial  conditions,  with  a  view  to  securing  accurate  data 
regarding  the  practical  requirements  and  needs  of  different  phases 
of  the  industry,  but  the  laboratory  method  has  been  applied  to  the 
fullest  estent  practicable  under  the  conditions  existing  in  the  field, 
the  packing  house,  the  storage  warehouse,  the  railroad  car,  and  the 
salesroom. 

The  perishable  character  of  the  product  under  investigation,  taken 
in  connection  with  the  physiological  and  economic  factors  involved 
in  its  harvesting,  transportation,  and  sale,  has  apparently  been  re- 
sponsible for  much  of  the  misapprehension  that  has  hitherto  existed 
regarding  the  causes  of  decay  of  California  oranges  in  commerce.  A 
satisfactory  determination  of  those  conditions  has  required  continuous 
observation  of  large  numbers  of  representative  lots  of  fruits  simul- 
taneously at  distant  points.     No  individual  producer  or  receiver  lias 
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found  it  practicable  to  make  such  an  investigation.  In  fact,  it 
developed  early  in  the  investigation  that  the  problems  could  be 
promptly  and  economically  solved  only  through  the  development  of 
an  organized  corps  of  scientific  workers  who  could  prosecute  different 
phases  of  the  work  simultaneously  in  the  producing  sections,  in 
transit,  and  in  some  representative  eastern  market,  maintaining  con- 
tinuous communication  by  mail  and  telegraph,  so  that  the  conditions 
to  which  the  various  shipments  of  fruit  had  been  subje<'ted  could  be 
thoroughly  understood.  Such  a  corps  of  workers  has  been  gradually 
built  up  in  this  work,  and  the  results  set  forth  herein  are  believed  to 
fully  justify  this  feature  of  the  Bureau  organization. 

The  present  paper  is  the  first  formal  and  comprehensive  publi- 
cation of  the  results  of  these  investigations.  It  should  be  stated, 
however,  that  the  various  branches  of  the  industry  have  been 
informed  from  time  to  time  regarding  the  progress  of  the  work. 
This  has  been  accomplished  through  addresses  delivered  before  meet- 
ings of  growers  and  of  various  organizations  of  warehousemen,  re- 
frigerating engineers,  and  railroad  men,  as  well  as  through  the 
personal  contact  of  a  large  number  of  packing-house  foremen  with 
the  experimental  work.  Occasional  circular  letters  summarizing  the 
conclusions  reached  have  been  sent  to  the  individuals  and  associations 
interested. 

Largely  as  a  result  of  the  thorough  organization  of  the  industry 
and  the  active  cooperative  spirit  sh<»wn  by  the  leading  men  in  it,  a 
prompt  and  general  modification  of  methods  has  resulted  and  is 
still  in  progress.  While  the  work  is  not  yet  complete,  it  is  believed 
that  the  phases  reported  upon  should  be  given  wider  publicity  in  all 
our  orange- producing  districts  because  of  the  bearing  they  are  likely 
to  have  upon  the  handling  of  this  and  other  fruits  in  commerce. 

The  accompanying  illustrations  are  necessary  to  a  full  understand- 
ing of  the  t«xt. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 

Hon.  James  Wii-son, 

Secretary  of  Agriculture. 
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THE  DECAY  OF  ORANGES  WHILE  IN 
TRANSIT  FROM  CALIFORNIA. 


IITFBODirCTION. 

Soon  after  the  United  States  Department  of  Agriculture,  through 
the  Bureau  of  Plant  Industry,  began  a  study  of  the  storage  and 
transportation  of  fruit  the  orange  growers  of  southern  California 
requested  that  an  investigation  be  made  of  the  decay  in  citrus  fruits 
while  in  transit  to  eastern  markets.  The  losses  from  decay  were 
estimated  variously  to  be  from  $500,000  to  $1,S00,000  annually. 

The  financial  importance  of  this  large  amoiuit  of  decay  to  the 
orange  grower  and  shipper,  to  the  buyer,  and  to  the  orange- 
consuming  public  made  an  investigation  of  the  possible  causes 
desirable. 

A  general  survey  of  the  industry  was  made  in  1904,  and  for  six 
months  in  each  year  since,  experimental  investigations  have  been  car- 
ried on  in  an  extensive  way  in  the  groves,  in  the  packing  houses,  in 
the  c&K  in  transit  to  the  Ba.st,  and  in  the  markets. 

As  this  investigation  has  been  so  closely  related  to  all  the  opera- 
tions of  the  California  citrus-fruit  business,  a  geuenil  account  of  the 
industry  will  be  necessary  for  a  proper  understanding  of  the  dis- 
cussion of  the  caa-ies  of  decay  in  oranges  during  shipment. 


The  introduction  of  the  Washington  Navel  orange  in  1870  from 
Bahia,  Brazil,  by  the  United  States  Department  of  Agriculture  under 
the  name  of  the  "  Bahia  "  orange  and  the  sending  of  two  trees  propa- 
gated from  those  introduced  from  Brazil  to  Mrs.  L.  C,  Tibbets,  Riv- 
erside, Cal.,  in  1878,  mark  the  most  important  epoch  in  the  history 
of  citrus-fruit  culture  in  California.  There  were  many  types  of 
oranges  growing  in  southern  California  at  that  time,  most  of  which 
were  descended  from  trees  planted  in  the  gardens  around  the  old  mis- 
sions by  the  Spanish  fathers.     None  of  these  oranges  equaled  the  new 
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Navel  orange.  This  orange  was  a  prolific  bearer,  the  fruit  of  fine 
quality,  the  flesh  meaty,  juicy,  and  seedless,  and  the  skin  of  a  texture 
that  insured  good  shipping  quality,  of  a  rich  deep-orange  color.  The 
trees  were  of  medium  size,  which  made  the  groves  more  manageable 
than  those  of  the  tall-growing  seedlings.  This  variety  was  named 
by  the  Califomians  the  "  Washington  Navel,"  in  honor  of  the  city 
from  which  it  was  sent  to  them."     (PL  I.) 

The  Washington  Navel  was  widely  planted  in  southern  California, 
the  State  acquired  a  world-wide  reputation  for  its  citrus  fruits,  and 
a  new  era  in  orange  culture  in  America  began.  In  1906-7  the 
Washington  Navel  crop  in  California  reached  a  value  of  $12,500,000, 
with  a  gross  value,  including  freight  and  icing  charges,  of  $20,000,000. 

The  two  trees  sent  to  California  by  the  Department  of  Agriculture 
are  objects  of  historic  interest  in  the  city  of  Riverside  at  the  present 
time.  One  of  the  trees  was  transplanted  by  the  city  from  the  Tib- 
bets  place  in  1903  and  stands  in  a  thrifty  condition  at  the  head  of 
Magnolia  avenue.  The  other  tree,  shown  in  Plate  II,  figure  1,  was 
transplanted  in  May,  1903,  with  the  assistance  of  President  Boose- 
velt,  to  the  court  of  the  Mission  Inn. 

THE    EXTENT    OF    THE    CITBUS-FHUrF    INDUSTRY. 

The  citrus-fruit  industry  of  California  has  grown  up  gradually. 
It  began  to  assume  commercial  importance  by  1880,  and  in  1886 
amounted  to  a  thousand  carloads  of  300  boxes  each.  Between  1890 
and  1895  it  had  grown  to  from  4,000  to  7,000  carloads  annually,  and 
from  1900  to  1907  to  between  25,000  and  32,000  carloads  annually, 
i.  e.,  from  6,000,000  to  11,000,000  boxes,  having  a  gross  value  of  about 
$1,000  a  carload,  or  from  $25,000,000  to  $32,000,000. 

The  lemon  comprises  from  10  to  15  per  cent  of  the  citrus  crop. 
There  are  a  few  pomelos  (grape-fruit)  grown.  Three-fourths  of 
the  oranges  are  of  the  Washington  Navel  variety,  the  remainder 
comprising  the  Valencia  as  the  most  important  variety,  with  fewer 
of  the  St.  Michael,  Mediterranean  Sweet,  Thompson,  Ruby,  Maltese 
Blood,  Jaffa,  seedlings,  and  tangerines.  There  are  probably  from 
60,000  to  70,000  acres  of  citrus  fruits  in  California,  distributed  among 
5,000  to  6,000  growers.  From  90  to  95  per  cent  of  the  citrus  fruits 
are  shipped  to  markets  outside  of  California. 

"  The  Washington  Navel  orange  wae  flrst  called  "  Babla  "  by  the  late  William 
Saunders,  Horticulturist  of  the  United  States  Department  ot  Agriculture.  Tills 
name  has  been  adopted  by  the  American  Pomologlcal  Society  and  appears  to  Its 
catalogue  of  fruits.  The  name  "  Washington  Navel "  is  in  almost  universtt]  use, 
however,  a"d  although  of  later  origin  tlian  "  Bahla  "  it  will  be  used  In  this 
publication. 
12S 
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CULTUBAL  CONDITIONS  IN  THE  CITBtlB  BELT.  11 

THE   LOCATION    OF  THE   CITHD8-FRUIT   1NDI-8TFY. 

The  citnis-fruit  industry  has  reached  its  greatest  development  in 
southern  California,  which  is  made  up  largely  of  the  San  Ber- 
nardino, San  Gabriel,  and  San  Fernando  valleys.  It  has  become 
most  prominent  in  the  foothill  regions  and  lower  lands -extending 
down  from  the  San  Gabriel  and,  San  Bernardino  mountains,  which 
make  up  the  Sierra  Madre  Range:  in  the  Riverside  district;  at  the 
base  of  the  Temescal  Range  on  the  Corona  bench,  and  in  the  Coast 
region  in  Orange  and  Los  Angeles  counties.  There  are  smaller  but 
not  less  favorable  regions  in  Santa  Barbara  and  Ventura  counties, 
close  to  the  mountains,  and  in  San  Diego  County. 

In  recent  years  the  industry  has  been  developing  north  of  the 
Tehachapi  Range  of  the  Sierra  Madre  Mountains,  especially  in  Tu- 
lare, Kem,  Fresno,  and  Butte  counties,  though  oranges  are  grown 
to  a  limited  extent  in  other  fruit-growing  counties  in  the  central  and 
northern  parts  of  the  State  as  well.  The  greatest  development  has 
occurred  in  Tulare  County,  where  the  annual  production  is  now 
about  2,000  cars  of  oranges,  mostly  of  the  Washington  Savel  variety. 
New  plantings  have  been  made  which  under  favorable  conditions 
may  increase  the  annual  production  in  that  section  to  10,000  cars  in 
the  next  few  years. 

The  orange  crop  of  northern  California  matures  from  four  to  six 
weeks  earlier  than  it  does  in  the  southern  part  of  the  State,  notwith- 
standing that  it  is  from  200  to  500  miles  farther  north.  This  unusual 
condition  is  due  to  the  topography  of  the  Pacific  coast.  The  large 
inland  valleys  of  northern  and  central  California  lie  between  two 
great  mountain  ranges  eidending  north  and  south.  The  Coast  Range 
Mountains  shut  off  the  modifying  influences  of  the  sea,  causing  rela- 
tively higher  night  temperatures  during  the  summer  months  than 
prevail  in  the  southerh  part  of  the  State. 

CULTfBAL  C<»NDITIO!J8  IN  THE  CITRUS-FRUIT  BELT. 

Citrus  fruits  are  grown  in  California  on  many  types  of  soil  under 
an  intensive  system  of  orchard  management.  Irrigation  is  nec- 
essary except  from  December  to  April,  when  the  rainfall  usually 
occurs.  As  in  other  horticultural  industries  there  has  not  yet  been 
developed  a  uniform  system  of  management  in  respect  to  the  han- 
dling of  the  soil,  the  use  of  water,  the  application  of  fertilizers,  or  in 
the  handling  of  the  trees.  In  a  general  way,  it  may  be  said  that  the 
tillage  is  frequent  and  thorough  during  the  season  from  March  to 
August  or  September;  that  cover  crops,  especially  winter  vetch, 
Canada  peas,  and  burr  clover,  are  coming  into  general  use  as  a  winter 
covering  and  as  a  means  of  improving  the  condition  of  the  soil; 
that  pruning,  except  with  the  lemon,  is  not  systematically  practiced ; 
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and  that  commercial  fertilizers  of  various  kinds  are  pr<^ably  used 
more  extensively  than  in  any  other  orchard  industry  in  the  country, 
except  in  citruw-fruit  growing  i!i  Florida. 

The  groves  are  viiriable  in  size,  the  smaller  ones  containing  from  5 
to  10  acres,  the  latter  Iw'ing  a  common  unit  of  size.  There  are  many 
of  15  to  20  acres  or  more,  and  the  groves  of  some  growers  raiige  from 
100  to  200  or  more  acres.  There  are  a  few  large  companies  and  cor- 
porations engaged  in  the  business,  some  of  them  having  from  250  to 
2,500  acres  of  citrus  fruits. 

A  AVashington  Xavel  orange  tree  three  years  after  planting  is 
shown  in  Plate  II,  figure  2.  and  n  typical  view  of  orange  groves  in 
bearing  is  shown  in  Plate  III.  figure  1. 

The  harvesting  of  the  Washington  Navel  crop  begins  in  Novem- 
ber in  northern  and  central  California,  and  extends  to  the  middle 
of  Juneor  the  first  of  July  in  southern  California.  The  Valencia  sea- 
son opens  the  latter  part  of  May  and  extends  into  the  latter  part  of 
September  or  the  first  of  October,  the  trees  at  that  time  bearing  the 
crop  to  be  harvested  and  the  parth'  developed  fruit  for  the  crop  of 
the  following  season.  The  other  varieties  of  oranges  are  harvested 
from  February  to  Jnly.  The  lemon  is  picked  from  the  same  grove 
in  practically  every  month  of  the  year,  although  the  largest  part  of 
the  crop  is  harve,sted  from  November  to  May,  a  single  tree  generally- 
containing  frnit  in  all  stages  of  development  from  the  blossoms  to 
the  mature  lemon. 

METHODS    OF    IIANnMNG    AND    MAHKETINr.   TIIF.   CITRrS-FRUlT   TROP. 

The  citrus-fruit  growers  of  California  are  as  a  class  men  of  high 
intelligence,  and  many  of  them  arc  of  large  business  experience  and 
capacity.  Cooperation  in  the  handling  of  the  citrus  fmits  is  the 
corner  stone  on  which  many  of  the  successful  business  practice.s 
rest.  Among  the  vai"ioiis  systems  of  marketing  the  fruit  there  have 
lieen  de\'eloped  some  of  the  best  examples  of  cooperative  organiza- 
tion among  fruit  gi-owers  to  be  found  in  America, 

These  cooiwrutive  associations,  organized  primarily  for  the  bnsi- 
n«ss  of  packing  and  di.stributing  the  fruit  to  market,  handle  from 
70  to  75  per  cent  of  the  entire  citrus-fruit  crop. 

There  are  (ilso  firms  and  individuals  who  pack,  distribute,  and  sell 
fruit  on  commission  for  the  growers.  More  or  less  of  this  fruit  is 
sold  f.  o.  b.  cars  in  California,  subject  to  inspection  on  arrival  in 
market,  or  for  cash  f.  o.  b.  cai-s  in  California,  while  some  is  consigned 
to  distant  merchants.  There  is  also  considerable  buying  of  the  fruit 
from  the  growers  either  by  the  pound  or  in  lump  in  the  orchard  taken 
as  a  whole.  There  are  a  few  gi'owers  and  fruit-growing  corix>rations 
who  pack  and  niiirket  their  own  fruit.     About  id  per  cent  of  all  citi-us 
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fruits  sliipped  from  California  is  sold  at  i)ul»lic  auction  in  eastern 
markets. 

Among  the  cooperative  organizations,  tlie  California  Frnit  (Jrow- 
ers'  Exchange  pack>i  and  >«lls  through  its  own  district  agents  in  th<! 
markets  somewhat  more  than  50  per  cent  of  the  entire  citrwH  crop. 
This  organization  is  formed  to  regidate  the  distribntion  of  citrus 
fruits  throughout  the  country  and  to  give  to  its  ineniberw  the  benefits 
that  arise  from  its  cooperative  eiForts  of  various  kinds.  This  Ex- 
change represents  about  4,000  growers,  who  are  organized  into  more 
than  80  local  incorporated  associiitions,  the  primary  function  of  which 
is  to  prepare  the  fruit  for  market.  The  associations  in  the  different 
producing  regions  combine  into  one  or  more  Itjt-al  incorporated  dis- 
trict exchanges  or  selling  agencies,  which  sell  the  fruit  tlirouirh  the 
district  agents  or  at  public  auction  an<l  receive  the  ntoney  therefor 
through  the  medium  of  the  California  Fruit  Growers'  Exchange. 
There  are  13  of  these  district  exelianges.  Each  local  district 
exchange  selects  a  representative  to  act  for  it  on  the  board  of  direc- 
tors of  the  California  Fruit  Growers'  Exchange,  which  is  an  incor- 
porated body  acting  as  an  agency  or  clearing  house  for  the  district 
exchanges  in  the  marketing  of  thoir  fruit  and  which  operates  for  the 
growers  without  profit  to  itself.  It  takes  the  fruit  of  the  district 
exchanges  after  it  is  packed,  and  with  their  cooperation  and  advice 
places  it  in  the  different  markets  of  the  countrj*.  sells  it.  collects  the 
proceeds,  and  turns  them  over  to  the  district  exchanges,  which  in  turn 
pay  the  growers  through  the  local  associations.  The  California  Fruit 
Growers'  Exchange  is  the  agency  through  which  the  grower  is  able 
to  control  the  larger  business  problems  and  the  general  policy  of 
the  handling  and  marketing  of  the  citrus-fruit  crop. 

An  association,  whether  a  part  of  the  California  Fruit  Growers' 
Exchange  or  organized  independently,  is  composed  of  a  number  of 
growers  who  are  incorporated  with  a  board  of  directors  and  officens 
for  business  management.  The  as,sociation  usually  owns  its  own 
packing  house,  where  the  fruit  of  the  members  is  as-sembled  and  pre- 
pared for  sliipment,  or  the  association  may  lease  a  packing  house 
from  a  railroad.  The  fruit  of  an  association  is  marketed  in  the  name 
of  the  association  or  of  the  district  exchange  of  which  the  local  asso- 
ciation is  a  part,  in  the  latter  case  both  the  name  of  the  local  associa- 
tion and  the  district  exchange  usually  appearing  on  the  package. 

The  fruit  of  the  growers  of  an  association  may  be  handled  a-s  an 
individual  account,  but  the  usual  method  is  to  ship  the  different 
grades  of  fruit  of  all  the  growers  under  brands  selected  for  each 
grade,  the  individual  grower  losing  his  identity  so  far  as  the  market 
is  concerned  when  the  fruit  enlei-s  the  packing  honse  and  has  been 
graded.     In  handling  the  fruit  in  this  manner,  the  shipping  season 
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is  divided  into  periods  varying  from  two  to  six  weeks  in  length, 
and  these  periods  are  known  as  "  pools."  When  a  pool  covers  a 
month,  it  is  referred  to  as  a  "January  pool,"  "  February  pool,"  and 
so  on.  The  members  of  the  association  are  credited  with  the  weight 
of  each  grade  of  fruit  delivered,  and  at  the  end  of  a  pool  receive  the 
pro  rata  of  the  proceeds  represented  by  the  quantity  of  fruit  deliv- 
ered to  the  packing  house  during  that  pool. 

The  responsibility  of  the  association  or  of  the  individual  or  firm 
that  packs  and  distributes  or  sells  the  fruit  for  a  grower  usually 
begins  when  the  fruit  is  delivered  at  the  packing  house.  The  asso- 
ciation in  a  general  way  controls  the  time  of  delivery  of  the  fruit  of 
its  members  to  the  packing  houses  and  the  proportion  of  their  crop 
that  shall  be  delivered  at  one  time,  giving  each  member  an  oppor- 
tunity to  furnish  his  pro  rata  of  fruit  during  the  marketing  season, 
based  on  the  relative  percentage  of  his  crop  to  the  holdings  of  the 
association  as  a  whole.  Previous  to  the  beginning  of  the  investiga- 
tion by  the  Bureau  of  Plant  Industry  little  attempt  was  made  to 
exercise  control  over  the  conditions  under  which  the  fruit  was  har- 
vested and  delivered  for  packing,  but  during  recent  seasons  much 
careful  attention  has  been  given  to  these  important  operations. 

In  most  cases  the  fruit  is  picked  by  the  owner  or  manager  of  a 
grove,  or  by  labor  under  his  direction,  the  labor  being  paid  by  the  box 
or  by  the  day.  Frequently  the  fruit  is  picked  and  carted  to  the 
packing  house  by  contract  at  a  fixed  price  per  box  or  rate  per  hundred 
pounds.  Among  the  cooperative  associations  and  individuals  or 
firms  shipping  for  growers  or  buying  for  cash,  a  system  of  gang 
picking  is  growing  in  favor  as  a  means  of  insuring  greater  uniform- 
ity in  the  condition  of  the  fruit.  A  picking  crew  with  a  foreman  is 
employed  by  the  officers  of  an  association,  for  example,  and  the  fruit 
of  the  members  of  the  association  is  picked  by  this  crew.  Under 
this  system  only  skillful  workmen  need  be  employed  and  very  efficient 
work  is  secured  when  the  labor  is  directed  by  a  competent  foreman. 
Some  association  packing  houses  that  do  not  have  a  picking  gang 
employ  a  picking  inspector,  who  sees  that  the  fruit  delivered  by 
different  growers  to  the  packing  house  has  been  carefully  picked. 

The  most  uniform  results  are  secured  when  the  same  labor  is  em- 
ployed continuously.  Since  two  or  three  pickings  of  oranges  are 
made  from  the  same  tree  during  a  season,  this  condition  is  not  always 
practicable  on  the  average  ranch  when  the  picking  is  done  by  the 
owner.  Usually  the  owner  has  to  secure  such  labor  as  is  available 
for  each  picking,  and  often  can  not  employ  the  same  set  of  men  more 
than  once.  This  is  especially  true  where  the  help  is  secured  throu^ 
labor  agencies.  Under  these  conditions  there  has  been  a  lack  of 
uniformity  in  the  condition  of  the  fruit  from  different  groves  and 
from  the  same  grove  at  different  pickings. 
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Among  the  laborers  are  found  Americans,  Japanese,  Mexicans, 
Chinese,  and  a  few  of  other  nationalities.  Experience  has  shown 
that  the  ability  of  the  labor  foreman  is  of  more  importance  than  the 
nationality  of  the  crew  in  secttring  efficient  work  and  that  the  general 
policy  of  those  who  employ  the  labor  in  respect  to  the  care  with 
which  the  fruit  is  to  be  handled  is  of  greater  importance  than  both. 

FICKIMO   CITRUS   FHUrTfl. 

In  picking  citrus  fruits  it  is  necessary  to  sever  them  from  the 
branches  with  sharp  clippers  or  shears.  The  fruit  is  then  placed  in 
a  picking  bag  hold- 
ing from  20  to  50 
pounds,  slung  over 
the  neck  and  shoul- 
ders of  the  picker. 
From  this  it  is 
emptied  into  pick- 
ing or  lug  boxes, 
and  in  these  the 
oranges  are  'deliv- 
ered to  the  pack- 
ing house.  Some- 
times the  packing 
or  shipping  boxes 
are  used  for  this 
purpose  once  be- 
fore shipment. 
Formerly  the  most 
common  type  of 
^ears  in  use  was 
a  small  one  with 
sharp-pointed, 

curved  blades, 
,  .       n  .      FiQ.  1.— T/iwaotttiearaorollppt 

Shown  m  tigure  1,  Bhirp-polutedlype;  B. dipper. 
A, .  which,  when 
not  handled  with  care,  often  punctured  or  cut  the  skin  of  the  orange. 
Since  greater  care  and  attention  have  bt^en  given  to  the  operation  of 
picking,  many  new  styles  of  clippers  have  been  invented  and  put  into 
use,  most  of  them  with  rounded  or  blunt  points.  Blunt^pointed  clip- 
pers are  shown  in  figure  1,  B,  and  another  style,  known  as  sheath 
clippers,  in  figure  1,  C. 
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PACKING  axBus  rRorre. 

The  packing  houses  are  located  either  on  the  ranches  or  at  the 
shipping  Klations,  usually  at  the  latt«r  points.  Some  of  the  large 
corporations  and  a  few  individuals  have  the  fruit  packed  in  houses 
on  the  ranch,  but  the  association  houses  and  those  of  the  other  types 
of  shippers  are  generally  placed  alongside  the  railroad  at  the  dip- 
ping i)<)int. 

The  houses  vary  in  capacity  from  1  to  15  carloads  of  fruit  a  day. 
The  capacity  of  all  the  packing  houses  in  California  is  said  to  aggre- 
gate from  4:00  to  600  cars  a  day,  though  the  daily  shipments  do  not 
average  more  than  1.50  cars  during  the  main  dipping  season.  In 
no  other  fruit  industry  have  the  appliances  for  handling  the  fruit 
in  the  packing  house  been  so  highly  developed.  The  average  orange 
packing  house  is  equipped  with  box-making  machines  which  nail 
together  the  boxes  used  for  carrying  the  fruit  to  market;  specially 
constructed  hand  trucks  for  moving  several  picking  or  shipping 
boxes  at  a  time:  hoppers  for  receiving  the  fruit;  washing  tanks  and 
scrubbing  machines  to  remove  the  sooty-mold  fungus,  and  drying 
racks  in  those  sections  where  the  fruit  has  to  be  washed;  elevators 
to  (rarry  the  fruit  to  the  grading  and  sizing  machines,  drying  racks, 
and  other  places;  carrying  belt^  or  chutes;  automatic  weighing  and 
recording  scales  for  weighing  the  different  grades  of  fruit  of  each 
grower;  series  of  padded  bins,  sometimes  with  self-adjusting  bottoms, 
for  receiving  the  different  sizes  of  fruit ;  belts  to  carry  the  packed 
boxes ;  presses  for  covering  the  boxes ;  and  sometimes  a  system  of  fans 
to  assist  in  drying  the  fruit,  and  a  machine  to  wrap  the  fruit  auto- 
matically. All  of  the  stationary  machinery  is  run  by  power,  making 
the  interior  of  a  large  packing  house  in  operation  resemble  the  in- 
terior of  a  complex  factory. 

Tliere  is  a  wide  variation  in  the  type  and  arrangement  of  the  dif- 
ferent kinds  of  machinery.  A  general  idea  of  the  steps  through 
which  the  orange  passes  may  be  gained  from  the  following  brief  de- 
scription of  a  common  type  of  house.  The  fruit  is  dumped  from 
the  field  boxes  into  the  hopper  (see  PI.  IV,  figs.  1  and  2),  which 
leads  to  rapidly  revolving  brushes  (PL  IV,  fig.  1)  which  clean  the 
fruit.  From  the  brush  the  fruit  is  elevated  to  a  sorting  or  grading 
table  or  grading  belts,  figure  2,  where  it  passes  before  the  grader  and 
is  sorted  into  two  or  more  grades  by  hand.  Each  grade  then  runs  by 
gravity  or  on  belts  through  an  automatic  weighing  machine  (PI.  V, 
fig.  1),  where  the  weight  of  the  grades  of  each  grower  is  recorded,  to 
the  long  sizing  machine  (PI.  V,  fig.  2),  and  from  there,  in  various 
ways,  to  tlie  packing  bins  seen  in  Plate  VI.  If  the  fruit  is  to  be 
washed,  it  is  first  dumped  into  a  tank  of  water;  then  run  between 
brufthcfi  submerged  in  the  water  (PI.  VII,  fig-  1)  or  with  water  run- 
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ning  over  them ;  then  eievat«fl  or  run  to  drying  racks  (PL  VII,  fig.  2) 
or  under  a  blast  of  air,  after  which  it  is  usually  run  through  all  the 
steps  described  for  brushed  fruit,  or  the  hopper  and  brush  may  be 
left  out  and  the  oranges  delivered  to  the  sorting  table.  There  ia  a 
wide  difference  in  theeimplioity  or  complexity  of  arrangement  of  the 
packing  houses  and  a  similar  variation  In  the  speed  with  which  the 
machinery  is  operated.  A'  complex,  undesirable  type  of  house  is 
hhown  in  Plate  III,  figure  2,  while  a  simpler  and  desirable  arrange- 
ment of  the  machinery  is  shown  in  Plat«  VI, 

The  packing  of  the  fruit  is  done  by  men  or  women,  the  laborer 
being  paid  usually  by  the  box,  though  sometimes  by  the  day.  The 
packers  average  from  40  to  100  boxes  for  a  day  of  ten  hours. 


Tin.  2.^GradlDg  l)e[tB  used  In  BBBOrtins  orBngea. 
The  grading  of  citrus  fruits  is  based  on  the  general  texture  of  the 
skin  of  the  fruit,  on  its  appearance  as  influenced  by  scars,  and  on  the 
general  form  and  style  of  the  fruit.  The  grades  have  no  refer- 
ence to  the  size  of  the  fruit.  There  are  usually  three  grades 
packed — "  Fancy,"  "  Choice,"  and  "  Standard."  Some  packers  also 
have  so-called  "  Extra  fancy  "  and  "  Extra  choice  "  grades.  A 
"  Fancy  "orange  is  supposed  to  have  a  deep  orange  color,  to  be  normal 
in  form,  fine  in  texture,  with  freedom  from  blemishes,  and  heavy 
and  juicy.  A  "  Choice  "  orange  is  supposed  to  have  good  color  and 
good  but  not  the  finest  texture.  It  may  have  a  few  blemishes.  It 
should  be  free  from  frost  damage  and  should  be  reasonably  heavy 
and  juicy.     A  "  Standard  "  orange  may  be  quite  badly  scarred  or 
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discolored,  coarse  in  texture,  and  irregular  in  fonn,  but  should  be 
merchantable  shipping  stock.  Many  frozen  oranges  are  shipped  aa 
"  Standards."  A  fourth  grade,  "  Culls,"  is  sold  to  the  peddlers  from 
the  packing  houses  and  is  sometimes  shipped  to  near-by  markets. 
Many  of  the  shippers  are  discarding  the  "  Fancy  "  and  "  Choice  " 
grades  and  pack  a  grade  called  "  Orchard  run,"  which  represents  the 
fruit  of  the  orchard  with  the  "  Standards  "  and  "  Culls  "  out.  The 
grades  are  usually  shipped  under  brands  which  are  selected  for  the 
different  grades  and  not  under  the  designation  "  Fancy,"  "  Choice," 
or  "  Standard."  The  name  "  Orchard  run  "  is  frequently  used  as  a 
brand  designation  for  that  grade". 

Each  grade  of  oranges  is  divided  into  sizes,  the  extreme  range 
of  sizes  varying  from  48  to  420  oranges  to  the  box.  The  most  desir- 
able commercial  sizes  of  the  Washington  Navel  variety  are  in  boxes 
containing  150,  176,  200,  and  216  oranges.  A  standard  box  of  Cali- 
fornia oranges  is  12  by  12  by  26  inches  outside  measurem^it,  divided 
in  the  middle  by  a  partition,  with  an  inside  fruit  space  of  llj  by  11^ 
by  24  inches.    A  box  of  oranges  is  estiniat«d  to  weigh  72  pounds. 

A  car  of  Washington  Navel  oranges,  so  far  as  the  sizes  are  con- 
cerned, may  contain  boxes  of  all  of  the  sizes.  A  car  is  called  a 
"  standard  car  "  when  it  contains  not  more  than  10  per  cent  of  each 
of  the  following  sizes — 96,  112,  and  2fi0,  and  not  over  20  per  cent  of 
the  126  size.  The  remainder  of  the  car  may  be  divided  among  the 
150,  176,  200,  and  216  sizes.  If  a  car  is  sold  to  a  dealer  at  a  fixed 
price  per  box,  it  is  usual  to  allow  a  discount  of  25  to  50  cents  per  box 
on  the  excess  in  the  96,  112^,  126,  and  250  sizes,  and  a  discount  of  50 
cents  per  box  on  the  48,  64,  80,  288,  300,  324,  360,  and  420  sizes.  The 
rule  regarding  the  sizes  in  a  standard  cA  may  vary  with  the  seas<Hi, 
with  the  section,  and  with  the  general  size  of  the  fruit  taken  as  a 
whole.  When  oranges  of  either  the  large  or  small  sizes  are  scarce  they 
are  at  a  premium,  and  the  proportion  in  a  car  may  be  raised  without 
discount. 

8HIPPIN0  CITRTT8  E 


The  citrus  fruits  of  California  are  distributed  to  markets  through- 
out the  United  States  and  Canada,  and  to  a  limited  extent  to  Euro- 
pean and  other  countries.  They  are  shipped  under  a  specially  or- 
ganized refrigerator-car  service.  From  November  to  the  middle  of 
March,  during  which  period  about  one-half  the  crop  is  moved,  the 
weather  in  California  and  throughout  the  territorj'  en  route  to  dis- 
tributing points  is  cool  and  shipments  are  made  under  ventilation 
without  ice,  the  ventilation  of  the  cars  being  regulated  by  the  rail- 
road under  instructions  from  the  shipper.  After  the  middle  of 
March  cool  weather  in  California  or  in  transit  can  not  be  relied  upon 
and  ice  is  quite  generally  used  for  refrigeration,  though  some  ship- 
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pers  forward  the  fruit  much  later  under  ventilation.  Early  in  the 
season,  especially  during  January  and  February,  wheii  the  fruit  is 
packed  in  a  cool  condition,  it  may  l)e  frozen  in  transit  unless  special 
precautions  are  taken  to  protect  it  by  insulating  the  car  with  build- 
ing paper  or  other  materials,  by  raising  the  boxes  on  strips  above  the 
floor,  and  by  regulating  the  ventilators  carefully  according  to  in- 
structions. Occasionally  after  the  middle  of  March  the  fruit  may 
be  loaded  at  a  temperature  of  80°  to  100°  F.,  but  a  large  propor- 
tion of  it  is  packed  at  a  temperature  not  above  65°  F.  even  as  late  as 
the  first  of  June. 


Fio.  3. — Boiea  or  oronees  la  a  car,  shoirlag  tbe  stnndnrd  method  ot  loading. 

A  standard  car  40  feet  in  length  usually  contains  384  boxes  of 
oranges  loaded  two  tiers  on  end  and  six  rows  wide,  as  shown  in 
figure  3.  The  boxes  are  billed  at  an  estimated  weight  of  72  pounds 
each.  The  minimum  freight  weight  of  a  car  over  37  feet  in  length, 
outside  measurement,  is  26,700  pounds.  The  minimum  freight 
weight  of  a  car  37  feet  or  less  in  length  is  24,100  j>ound.«.  The 
freight  rate  varies  from  $1.12J  to  %1.50  per  hundred  pounds  when 
shipped  in  carload  lots.  To  most  points  on  the  Missouri  River  and 
eastward  there  is  an  emergency  rate  of  $1.15  per  hundred  pounds  in 
carload  lots,  effective  since  March  11,  1007,  the  former  rate  being 
$1.25  per  hundred  pounds. 
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In  1907,  when  there  was  serious  shortage  in  the  supply  of  cars, 
many  were  loaded  seven  rows  wide  on  the  bottom  tier  and  six  wide 
on  the  top  tier  as  a  temporary  expedient,  thereby  increasing  the 
customary  load  an  appreciable  amount. 

Each  of  the  two  ice  bunkers  of  a  refrigerator  car,  one  at  either  end, 
holds  from  2  to  SJ  tons  of  ice.  The  first  icing  of  the  cars  is  done  at 
various  assembling  points  in  California  after  the  fruit  is  loaded,  and 
reicing  in  transit  follows  as  needed.  The  average  time  in  transit 
from  southern  California  points  to  New  York  is  twelve  to  fifteen 
days,  and  to  Chicago  from  nine  to  eleven  days,  the  time,  in  general, 
depending  on  the  condition  of  the  transportation  business  of  the 
western  railroads  and  their  connections.  The  carload  rate  on  re- 
frigeration is  Iiased  on  the  section  of  the  country  into  which  the  car 
is  shipped  and  the  weight  of  fruit  in  a  car.  The  rate  to  Chicago, 
for  example,  on  a  car  of  24,190  pounds  is  $r>4.fJ7  and  to  New  York 
$65.61.  The  rate  on  a  car  of  2",6.tO  pounds,  which  is  the  weight  of 
a  .standard  car  of  384  boxes,  is  $62.50  in  the  former  case  and  $75  in 
the  latter. 

TEE  INVEBTXOATION  OF  THE  CAUSES  OF  DECAY. 

The  investigation  by  the  Bureau  of  Plant  Industry  was  begun  as 
the  result  yf  the  efforts  of  Mr.  J.  H.  R«ed,  an  orange  grower  of 
Riverside,  Cal.,  who,  on  account  of  the  interstate  nature  of  the  prob- 
lem, endeavored  to  induce  the  Department  of  Agriculture  to  under- 
take this  work.  In  the  winter  of  1903-4  a  preliminary  survey  of  the 
orange  industry  was  undertaken  to  make  plans  for  this  investigation. 
The  causes  of  the  decay  were  not  understood,  but  a  multitude  of 
theories  were  advanced  by  growers  and  shippers  to  explain  it.  Some 
attributed  the  decay  to  the  influence  of  the  type  of  soil  and  to  other 
conditions  under  which  the  fruit  was  grown ;  to  a  possible  degen- 
eracy in  the  fruit  as  the  trees  grew  older,  and  to  climatic  conditions, 
such  as  frequent  fogs  and  rains.  The  decay  was  thought  by  many  to 
be  especially  related  to  a  supposed  inherent  weakness  of  the  fruit 
during  the  blooming  period  of  the  trees,  which  occurs  during  the 
picking  season.  Others  believed  it  to  be  due  to  methods  practiced  in 
the  packing  houses,  while  nearly  all  were  more  or  less  agreed  that  a 
large  part  of  the  loss  was  chargeable  to  inadequate  or  improperly 
handled  transportation  facilities.  The  decay  entailed  a  hea^'y  loss 
on  the  shipper,  it  was  detrimental  to  the  reputation  of  the  industry, 
and  it  led  to  difficulties  of  various  kinds  between  all  parties  con- 
cerned in  the  handling  and  transportation  of  citrus  fruits. 

The  preliminary  survey  in  the  winter  of  l!)0.^-4  showed  that  the 
decay  was  more  troublesome  in  some  regions  than  in  others,  that  it 
was  worse  in  some  packing  houses  than  in  others  in  the  same  region. 
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and  that  it  usually  increased  in  severity  as  the  season  advanced. 
Continual  observations  on  many  of  the  popular  and  supposed  causes 
did  not  give  promise  of  a  satisfactory  explanation,  but  it  was  noticed 
from  the  beginning  that  there  was  a  close  and  constant  relation  be- 
tween the  various  methods  of  hanflling  the  frtiit  and  the  development 
of  decay. 

THE  BLUE   MOLD  OF  CTTRUB  FRUIXa 

The  common  blue-mold  fungus  was  always  found  to  be  associated 
with  decaying  oranges,  as  was  observed  in  1905  by  Woodworth." 
This  fungus  grew  within  the  tissues  of  the  fruit  and  caused  a  break- 
ing down  of  the  structure,  which  rapidly  produced  a  soft  decay 
of  the  entire  fruit.  Two  distinct  kinds  of  growth  were  constantly 
fomjd.  The  most  common  grew  rapidly  in  a  rather  indefinite  area 
over  the  orange,  producing  a  mass  of  olive-green  spores,  with  a 
large  area  of  white  mold  extending  beyond  the  spores  and  produc- 
ing a  semisoft  condition  of  the  fruit.  The  growth  of  the  second 
was  much  slower  and  in  a  more  definite  area,  and  the  spores  were 
bright  blue  in  color,  though  in  other  respects  this  fungus  was  similar 
to  the  first. 

Both  fungi  have  been  determined  as  species  of  Penicillium.  While 
a  distinct  difference,  can  be  seen  in  the  growth  of  the  two  in  pro- 
ducing decay  in  the  orange,  it  has  been  difficult  to  separate  them 
morphologically.  PenicUlium  glaucum  has  been  generally  consid- 
ered the  most  common  at  the  mold  fungi.  Yet,  on  the  orange  the 
rapid-growing,  olive-green  fungus  is  referred  to  as  PenicUlium  digi- 
tatum,  and  the  slow-growing,  bright-blue  species  as  P.  glaucum." 
The  more  common  form  is  shown  in  Plate  I,  frontispiece.  The 
spores  are  produced  in  countless  numbers  on  the  decaying  fruit,  of 
which  there  is  always  more  or  less  in  the  groves  and  in  and  around 
the  packing  houses.  They  are  on  the  fruit,  on  all  the  machinery, 
and  Boating  in  the  atmosphere,  and  they  germinate  easily  and 
quickly  wherever  the  conditions  of  heat  and  moisture  are  favorable. 

That  there  might  be  no  question  about  these  molds  being  the 
cause  of  the  decay,  large  numbers  of  fresh,  sound  oranges  were 
inoculated  both  in  the  field  and  the  laboratory  with  spores  of  these 
species,  and  without  exception  the  characteristic  decay  resulted. 

These  fungi  had  always  been  considered  as  saprophytic — i.  e.,  capa- 
ble of  growing  only  upon  dead  organic  matter — and  from  previous 
investigations  with  apples  in  storage  it  had  been  determined  that 

•  Woodworth,  C.  W.    Orange  and  I^mon  Hot.  Cal.  \gr.  Expt  8ta.  Bill.  130. 

^ Smith,  Halpb  E.  The  "Soft  Spot"  of  Orauges.  RotanlCHl  Gazette,  vol. 
24.  p,  103. 

Smith,  Ralph  E.,  et  al.    The  Brown  Rot  of  the  I^mou,  Cal.  Agr.  Expt.  Sla. 
Bui.  190. 
12S 
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fungi  of  this  group  were  appareotly  incapable  of  penetrating  the 
unbroken  epidermis  of  a  healthy  fruit  and  causing  decay. 

Upon  careful  examination  of  a  large  number  of  oranges  in  which 
'the  rot  was  just  starting,  it  was  seen  that  the  area  of  decay  in  mo^ 
cases  was  around  a  place  where  the  epidermis  had  been  previously 
injured  by  a  cut  or  abrasion  of  some  kind.  Not  all  fruits  in  whicli 
the  epidermis  had  been  Injured  showed  decay,  nor  could  the  decay 
always  be  traced  to  an  abrasion  in  the  skin.  Injured  fruit  that  was 
exposed  to  a  free  circulation  of  air  did  not  usually  develop  a  large 
amount  of  decay.  The  moving  air  quickly  evaporated  the  moisture 
which  accumulated  in  the  injured  tissue,  making  conditions  un- 
favorable for  the  germination  of  the  mold  spores  and  the  subsequent 
development  of  decay. 

The  effect  of  different  kinds  of  cuts  and  abrasions  on  the  fruit 
appeared  important.  A  slight  puncture  or  the  removal  of  bits  of 
the  epidermis  by  scratches  or  by  shaving  it  with  the  picking  shears 
would  frequently  dry  before  spores  could  germinate  and  become 
established.  A  deeper  wound,  especially  in  the  body  of  the  fruit, 
where  the  skin  is  thin,  would  usually  fill  with  juice  and  pfovit'e  ideal 
conditions  for  rapid  decay.  It  was  noticed  that  decay  did  not  develop 
in  these  slight  wounds,  while  ^it  was  almost  sure  to  develop  in  the 
deeper  wounds  unless  the  fruits  were  held  in  an  unusually  dry  or 
cold  atmosphere. 

These  olraervations  were  followed  by  a  series  of  laboratory  studies 
by  Mrs.  Flora  W.  Patterson,  Mycologist  of  the  Bureau  of  Plant 
Industry,  who  found  that  the  blue-mold  fungus  did  pot  have  the 
power  of  penetrating  the  epidermis  of  a  sound,  healthy  orange  even 
under  conditions  of  heat  and  moisture  that  were  most  favorable  for 
the  growth  of  the  fungus.  Practical  applications  of  these  laboratory 
tests  were  made  with  oranges  under  ordinary  packing-house  condi- 
tions. Without  puncturing  tlie  skin,  the  mold  spores  were  placed  on 
the  surface  of  oranges  which  had  been  delivered  at  the  packing 
house  in  the  usual  commercial  way  and  were  apparently  sound. 
This  fruit  was  held  for  one  or  two  weeks  in  the  house,  where  condi- 
tions were  favorable  for  the  germination  of  the  spores  and  for  the 
development  of  decay,  and  then  examined.  It  was  rare  to  find  that 
decay  had  developed  at  the  point  where  the  blue  mold  had  been 
placed  on  the  fruit.  Decay,  however,  sometimes  developed  where 
no  mechanical  injuries  were  visible.  In  these  cases,  the  mold  prob- 
ably entered  the  skin  through  injuries  caused  by  the  punctures  of 
insects,  by  the  dropping  of  the  fruit,  or  through  other  injuries  not 
discernible. 

The  poT^r  of  tho  fungus  to  grow  in  healthy  oranges  in  commer- 
cial cold  storage  has  been  tested  by  inoculating  fresh  fruits  with  the 
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mold  »;pores  in  a  puncture  through  the  epidermis  and  pladng  them 
at  once  in  a  temperature  of  32°  F.  or  less.  Decay  had  not  devel- 
oped in  two  months,  when  the  tests  ended.  When  the  decay  is  estab- 
lished and  developing  in  an  orange,  it  does  not  appear  to  be  entirely  : 
checked  when  placed  in  a  temperature  of  32°  F.,  though  the  develop- 
ment is  greatly  retarded. 

MECHAI4ICAL  INJtTRIES  BELATEO  TO  THE  IIANDUNO  OF  ORAN0E8. 

In  the  spring  of  1905  a  i^stematic  series  of  observations  and 
inspections  was  inaugurated  to  determine  th(y  amount  and  severity  of 
mechadical  injuries  of  oranges  when  deliver^  at  the  packing  houses 
and  the  relation  of  the  methods  of  handling  the  fruit  to  these 
injuries. 

This  was  accomplished  by  a  close  inspection  of  many  thousand 
fruits  in  a  large  number  of  packing  houses  and  groves  in  different 
sections,  and  included  an  examination  of  the  oranges  of  different 
growers  delivering  fruit  at  the  same  house  and  of  the  work  of  differ- 
ent pickers  working  in  the  same  grove. 

It  was  soon  discovered  that  fresh  mechanical  injuries  could  be 
seen  on  a  considerable  proportion  of  the  fruit.  The  most  common 
type  of  injury  was  made  by  the  point»of  the  clippers  in  cutting  the 
oranges  from  the  trees.  In  some  cases  deep  gashes  had  been  cut 
into  the  skin,  in  others  the  skin  had  been  shaved  or  sliced  off  in 
areas  varying  in  extent,  while  in  still  others  the  injury  was  so  slight  as 
to  be  hardly  perceptible.  Many  of  the  oranges  were  severely  injured 
by  stem  punctures,  which  are  produced  when  an  orange  cut  from 
the  tree  with  a  long  stem  is  allowed  to  fall  or  roll  forcibly  against 
another  fruit,  while  others  showed  scratches  of  various  kinds  and 
punctures  from  thorns.  Other  common  forms  of  injury  occurring 
in  the  groves  were  punctures  and  bruises  from  gravel  and  twigs  in 
the  bottom  of  the  picking  boxes  and  cuts  in  the  skin  caused  by  the 
finger  nails  of  the  pickers.  Frequently  bruises  were  found  that  ■ 
could  be  traced  to  rough  and  careless  work  in  loading  and  carting  the 
fruit  from  the  groves  to  the  packing  house  and  in  unloading.  It 
was  found  that  there  was  often  a  wide  difference  in  the  amount  of 
this  injury  in  the  fruit  delivered  by  different  growers  to  the  same 
packing  house,  and  there  was  as  great  a  variation  in  the  condition  of 
the  fruit  in  different  picking  boxes  coming  from  the  same  grove. 
Very  often  there  was  considerable  injury  that  could  be  traced  to 
some  incidental  derangement  in  the  packing-house  machinery,  such 
as  a  broken  wire  in  a  wash  tank,  a  protruding  screw  among  the 
bristles  in  the  brushing  machines,  a  nail  or  bolt  extending  into  a 
(^ute  or  runway,  or  some  other  similar  defect.     (See  Plato  I.) 
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A  lai^  number  of  records  of  these  different  types  of  injuries  has 
been  secured  during  the  past  three  years.  It  is  not  possible  to  in- 
clude these  records  in  full  in  this  publication)  hut  the  following  rep- 
resentative statistics  will  give  an  idea  of  the  ext«nt  of  this  trouble. 

THE  EXTENT  OF  THE  MECHANICAL  INJDKY  OF  THE  ORANGE. 

In  1905  the  average  amount  of  mechanically  injured  fruit,  based 
upon  a  careful  inspection  of  more  than  40,000  oranges  during  Jan- 
uary and  February,  was  17  per  cent.  On  February  27,  1905,  a  cir- 
cular was  issued  calling  attention  to  this  injury  and  its  relation  to 
decay  and  suggesting  methods  whereby  it  could  be  reduced.  Appar- 
ently the  growers  were  quick  to  adopt  ways  of  reducing  the  injury. 


f  mecbsDlcBl  iDjur;  Id  ofbiikcb  In 

for  after  the  1st  of  March  it  did  not  exceed  7.5  per  cent— an  imme- 
diate reduction  of  nearly  10  per  cent. 

The  accompanying  chart  (%.  4),  computed  from  the  data  of  1905, 
shows  the  variation  in  the  amount  of  injury  in  the  fruit  found  in 
ten  different'packing  houses. 

The  chart  shown  as  figure  5,  page  25,  also  computed  from  the  records 
of  1905,  shows  the  variation  in  the  amount  of  injury  in  the  oranges  of 
ten  different  growers  who  delivered  and  pooled  their  fruit  together 
in  the  same  packing  house. 

The  fruit  of  an  individual  has  sometimes  shown  50  per  cent  or  more 
of  mechanically  injured  oranges. 
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The  variation  in  the  quantity  of  fruit  injured  -by  ten  different  pick- 
ers in  the  same  grove  is  brought  out  in  figure  6  (p.  26),  computed  from 
the  records  of  1905. 

Occasionally  pickers  have  been  found  who  have  injured  from  50 
to  75  per  cent  of  the  fruit  they  picked. 

A  large  quantity  of  fruit  has  been  examined  in  the  bins  and  packed 
boxes  in  many  packing  houses  to  determine  whether  the  oranges  that 
are  injured  are  seen  and  removed  by  the  graders,  as  it  was  generally 
maintained  that  this  was  done.  Figure  7  (p.  27)  shows  the  percentage 
of  injured  fruit  in  ten  representative  lots.    ' 
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It  was  an  exception  to  find  a  grader  who  could  see  and  throw  out 
an  orange  showing  a  slight  mechanical  injury.  It  is  probable  that 
96  per  cent  of  the  fruit  injured  in  handling  in  included  in  t)ie  packed 
fruit. 


'   AWARE   OP    THE    BXTEUT   OP    1 

The  most  experienced  growers  and  packers  were  not  aware  of  the 
extent  to  whidi  the  orange  was  injured  in  handling,  •  nor  did  they 
appreciate  the  effect  of  a  slight  bruise  or  abrasion  iin  the  keeping 
quality  of  the  fruit.  In  a  general  way,  it  was  known  that  an  orange 
with  a  punctured  skin  was  likely  to  decay,  and  the  need  of  handling 
the  fruit  carefully  was  discussed  abstractly  but  with  little  apprecia- 
tion of  the  importance  of  careful  handling  to  the  preservation  of  an 
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orang*?.  The  gi-eatest  amount  of  injury  was  frequently  found  in  the 
fruit  of  individuals  who  were  skillful  growers  and  who  gave  careful 
attention  to  all  the  necessarj'  details  of  production,  but  who  did  not 
know  or  understand  the  importance  of  careful  picking.  The  same 
failure  to  appreciate  the  importance  of  care  in  handling  was  even 
more  pronounced  in  the  case  of  the  laborers  who  did  the  picking. 
They  did  not  know  they  would  cause  the  decay  of  the  fruit  by  cutting 
the  skin  or  allowing  it  to  drop  into  the  picking  sack,  or  that  they 
were  actually  causing  so  much  injury  to  the  fruit. 

Since  it  was  desitable  to  have  alt  the  persons  interested  realize 
the  large  quantity  of  fruit  that  was  injured  by  handling,  the  inspec- 
tions of  the  oranges  in  the  groves  and  packing  houses  have  been 


cut  bj  ten  picken  Id  the 

made  in  full  view  and  with  the  cooperation  of  the  most  interested 
growers  and  packers.  The  relation  between  an  injury  to  an 
orange  and  the  chance  of  decay  during  shipment  is  now  geni'rally 
understood  by  growers  and  packers,  largely  as  a  result  of  these 
demonstrations. 

As  a  result  of  this  understanding,  it  is  now  accepted  without 
question  that  the  elimination  or  reduction  of  the  mechanical  injury 
of  the  orange  in  handling  is  one  of  the  largest  problems  that  the 
California  citrus-fruit  grower  and  packer  have  to  overcome.  A 
determined  effort  is  being  made  to  reduce  the  trouble,  and  abundant 
data  have  been  accumulated  to  -show  that  by  using  care  in  the  instruc- 
tion and  supervision  of  labor  not  more  than  2  or  3  per  cent  of  the 
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oranges  will  be  injured  in  handling  the  fruit  on  a  largo  rommeivial 
scale. 

The  following  data  are  presented  to  show  that  it  ia  practicable  to 
handle  the  orange  without  mechanical  injury  to  the  fruit.  These 
figures  show  the  result  of  10  inspections  of  fruit  from  1905  to  1907, 
inclusive,  of  a  corporation  handling  several  hundred  acres  of  groves. 
The  first  inspection  was  made  before  the  circular  of  February  27, 1905, 
was  issued. 

Percentage  of  rtuchanieal  injury  to  fruit  found  in  a  large  orange  grove  at  each  often 
itupeclioTu  during  1905-1907. 
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After  a  careful  study  of  the  problem  for  three  years,  it  is  evident 
that  the  mechanical  injury ^of  the  orange  is  partly  inherent  to  the 
handling  of  a  perishable  crop,  but  that  it  is  primarily  related  to  the 
economic  and  social  conditions  surrounding  the  citrus- fruit  industry. 
It  is  retttfeed  to  the  large  volume  of  biTsiness  handled  by  growers 
and  packers,  to  the  character  and  quantity  of  the  labor  available, 
to  the  system  of  handling  the  labor,  to  the  details  of  packing-house 
management,  to  the  aim  of  the  association  and  packer  who  handle 
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the  fruit,  and  to  the  effect  »f  sharp  competition  between  those  who 
handle  the  California  citrus-fniit  crop. 

The  industry  has  reached  its  present  cojidition  through  gradual 
development.  The  one  factor  in  this  growth  that  stands  out  with 
prominence  as  a  fundamental  cause  of  careless  handling  is  the  effort 
to  handle  large  quantities  of  fruit  at  the  lowest  possible  cost.  By  hav- 
ing the  fruit  picked  and  padied  by  the  box  and  by  having  other 
operations  performed  on  the  same  principle,  there  have  been  devel- 
oped labor  methods,  packing-house  equipments,  and  systems  of  busi- 
ness practice  that  place  a  high  premium  on  the  quantity  rather  than 
the  quality  of  the  work  accomplished.  The  payment  of  labor  by 
the  box  has  developed  n  class  of  pickers  whose  chief  aim  is  to  pick 
the  greatest  possible  number  of  boxes.  It  is  not  unusual  to  see  the 
professional  picker,  with  a  hoop  fastened  in  the  top  of  the  picking 
sack  to  hold  the  mouth  open,  with  a  deft  movement  of  the  clippers 
cut  the  oranges  and  shoot  them  directly  into  the  bag.  Such  effort  led 
to  the  use  of  sharp-pointed  clippers,  or  shears  (fig.  1,  a),  which  the 
picker  could  handle  with  great  facility.  It  has  developed  the  type  of 
packing-house  equipment  shown  in  Plate  III,  figure  2.  It  is  respon- 
sible for  overcrowdinfT  the  capacity  of  the  average  packing  house, 
for  the  excessive  speed  of  maciiinery,  and  for  a  general  feeling  among 
growers  and  packers  that  the  continuous  reduction  in  the  fixed 
charges  in  the  handling  of  the  crop  in-  California  from  year  to  year 
is  an  essential  jn  successful  orange  handling.  It  is  a  common  occur- 
rence for  a  grower  to  change  the  agency  for  handling  his  fruit  to 
another  that  will  do  it  for  a  fraction  of  a  cent  a  box  less,  the  im- 
mediate saving  being  the  factor  that  determines  his  action.  There 
is  an  equal  rivalry  between  the  packing  houses  to  reduce  the  cost 
of  handling  the  fruit,  and  a  similar  desire  to  have  it  sold  at  the 
lowest  charge  for  linmlling. 


The  tendency  to  reduce  the  cost  of  producing  and  handling  a  crop 
is  commendable  from  a  business  point  of  view.  Probably  no  other 
fi'iiit  industry  has  reduced  the  necessary  cost  of  handling  and  mar- 
keting the  crop  to  such  an  extent  as  the  citrus  industry,  largely  as  a 
result  of  the  effective  cooperative  organization  of  the  fruit  grow- 
ers. But  in  the  handling  of  a  perishable  commodity  it  is  false 
economy  to  reduce  the  cost  of  an  operation  if  the  cliauge  is  detrimental 
to  the  keeping  quality  or  attracti\eness  of  tlie  product.  A  laborer 
who  picks  100  boxes  of  oranges  a  day  at  3  cents  a  box,  cuts  25  per 
cent  with  the  clippers,  and  drops  the  fruit  several  feet  into  a  bag  is 
more  expensive  to  the  grower  than  one  who  picks  40  boxes  for  IjiS  but 
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places  the  fruit  in  the  picking  boxes  in  sound  coniiition.  It  is  equally 
false  economy  to  have  the  oranges  packed  at  low  cost  in  a  house 
where  the  handling  of  the  fruit  is  so  rough  and  complicated  as  to 
make  it  susceptible  to  decay  before  it  is  loaded  for  shipment.  The 
real  economy  of  reducing  the  cost  of  an  operation  is  determined  by 
the  effect  on  the  keeping  quafity  of  the  product  Every  reduction 
that  is  made  at  the  expense  of  the  shipping  and  keeping  quality  of 
the  fruit  is  not  a  saving  to  the  industry,  but  in  the  end  acts  as  an 
increase  in  the  cost  of  handling  by  reducing  the  value  of  the  fruit. 
Later  in  this  bulletin  it  will  be  shown  that  the  highest  net  returns 
in  the  citrus  industry  have  followed  an  increased  cost  to  insure  a 
more  ciareful  handling  of  the  product. 

A   J^BAK    POINT   IN   THE   PBE3ENT    UETIIOD  OP   IIANDL[N<]    TDK   ORANOi:. 

Them  is  another  factor  related  to  the  cooperative  method  of  hand- 
ling, as^well  as  to  the  method  of  hiiiidliiig  the  fruit  by  buyers  and 
shippers,  that  is  responsible  for  a  large  amount  of  rough  handling. 
Neither  the  association,  the  shipper,  nor  the  buyer  can  insure  the 
careful  handling  of  fruit  where  the  picking  an*!  hauling  are  in  the 
hands  of  the  growers  or  of  their  representatives.  In  a  general  way, 
the  packing  association  or  shipper  can  advise  the  grower  how  to 
pick  and  haul  the  fruit,  and  lots  of  fruit  that  have  been  grossly  mis- 
managed may  be  rejected;  but  it  is  impossible  to  insure  a  uniform 
conditi(Hi  in  the  fruit  of  different  growers  under  these  conditions. 
There  is  little  incentive  for  the  grower  to  handle  his  fruit  with  un- 
usual care  if  it  is  to  be  pooled  with  the  fruit  of  other  growers  who 
handle  it  carelessly.  The  tendency  is  for  all  growers  to  handle  the 
fruit  with  but  average  care  and  for  the  careless  (jrower  to  depend 
on  a  higher  aveTage  handling  by  others  to  overcome  the  shiftless 
methods  on  his  ranch.  It  is  the  tendency  also  for  the  average  grower 
whose  fruit  is  packed  and  sold  for  him  by  a  denier  or  agent  to  reduce 
the  cost  of  picking  and  hauling  the  fruit  to  the  packing  house  to  the 
lowest  possible  figure,  and  if  the  fruit  defrays  as  a  result  of  this  bad 
handling  to  attribute  it  to  the  methods  employed  by  the  dealer  or 
agent  in  packing  and  selling  the  fruit.  A  cooperative  association 
or  a  dealer  who  handles  the  fruit  for  the  growei-s  either  under  a  pool- 
ing system  or  for  individual  account  needs  to  establish  a  standard 
condition  as  to  freedom  from  mechanical  injury  of  the  fruit  that 
enters  tlie  packing  house  and  to  pro\'ide  a  practical  method  orenforc- 
ing  the  requirements. 

UIi:TE[OPB  VF   INSUBIWU   a    ITNIFORM    fONUlTION   OF  THK  FBUIT. 

There  are  at  least  two  metho<ls  that  may  lie  adopted  as  a  means 
of  insnring  a  uniformly  small  percentage  of  injury  in  the  fniit  of 
different  growers.     The  first  is  the  picking  of  the  fruit  by  gangs  of 
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laborei-s  under  the  control  of  the  packing-house  management.  A 
niimbor  of  cooperative  associations  and  independent  shippers  have 
recently  adopted  this  method  of  handling  the  fruit.  The  success  of 
this  plan  depends  on  the  cooperation  of  the  growers,  a  tactful  and 
efficient  labor  foreman,  and  the  strong  support  of  the  foreman  by  the 
packing-house  management  to  the  end  that  the  fruit  may  be  picked 
carefully  and  economically.  If  the  growers  do  not  accept  this  plan 
cheerfully,  if  the  picking  foreman  is  inefficient,  or  if  the  packing- 
house management  insists  on  reducing  the  cost  of  picking  without  re- 
gard to  the  effect  on  the  condition  of  the  fruit,  such  a  system  is 
doomed  to  failure. 

A  second,  (hough  less  certain,  means  of  securing  a  uniform  condi- 
tion of  the  fruit  is  by  a  system  of  inspecting  the  fruit  in  the  groves 
and  as  it  comes  to  the  packing  houses,  in  order  that  the  jwrsistently 
careless  picker  and  grower  may  be  located  and  advised  ns  to  the 
means  of  reducing  the  injnry,  and  finally  eliminated  if  his  fniit  does 
not  reach  the  required  standanl.  This  system  has  alreiitly  Ix'eii 
adopted  by  a  number  of  association  houses  and  by  a  few  independent 
shippers. 


The  exijerinieutal  investigation  of  the  causes  of  decay  in  oranges 
has  been  conducted  with  a  view  to  determining  the  following  points: 
(1)  The  comparative  susceptibility  to  decay  of  oranges  handled  in 
different  ways  for  sliipment  after  holding  the  fruit  in  the  packing 
houses  in  California  al)out  two  weeks;  (2)  the  comparative  suscepti- 
bility to  decay  of  oranges  handled  in  different  ways  for  shipment 
when  forwarded  to  New  York  under  ventilation,  icing,  and  precool- 
ing:  (3)  the  comparative  susceptibility  to  decay  of  oranges  handled 
in  different  ways  and  shipped  under  different  conditions,  the  decay 
being  determined  at  intervals  during  u  storage  of  the  fruit  in  a 
common  stoT-age  room  in  eastern  markets. 

Technical  investigations  in  refrigeration,  including  the  develop- 
ment and  testing  of  various  methods  of  cooling  the  orange  for  ship- 
ment and  a  determination  of  the  changes  in  the  temperatures  of  cars 
during  the  transcontinental  trjp  when  shipped  under  different 
methods,  such  ns  ventilation,  icing,  and  precooling,  have  also  been 
made. 


THE    EXPEHIMENT8    WITH    ORANGES    HTOREI)    IN    PACKING    HOUSES. 

The  primary  object  of  the  experiments  with  oranges  stored  in 
packing  hou.ses  was  to  determine,  under  conditions  that  permitted 
the  growers  and  packers  to  see  the  results,  the  comparative  suscepti- 
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btlity  to  decay  of  fruit  tbat  had  be«ii  handled  in  different  ways.  A 
secondary  object  was  to  determine  the  comparative  amount  of  decay 
in  oranges  handled  similarly  in  different  regions  of  the  citrus-fruit 
belt. 

The  method  of  conducting  these  experiments  was  to  select  a 
quantity  of  apparently  sound  oranges  from  the  picking  boxes  just  as 
they  were  received  from  the  grove,  designating  this  lot  as  "  un- 
brushed; "  another  lot  of  apparently  sound  fruit  that  had  been  run 
through  the  brushing  machine  and  selected  from  the  packing  bins 
was  designated  as  "  brushed ;  "  a  third  lot  selected  from  either  the 
drying  rack  or  the  packing  bins,  or  that  had  been  especially  washed, 
was  designated  as  "  washed,"  and  a  fourth  lot,  in  which  each  orange 
showed  a  visible  injury,  such  as  a  clipper  out,  punctures  of  various 
kinds,  or  other  abrasions,  was  designated  as  "  mechanically  injured," 
In  190T  a  comparison  was  made  I>etween  the  amount  of  decay  of 
oranges  washed  in  clean  water  and  fruit  washed  in  dirty  water,  .simi- 
lar to  that  used  in  commercial  washing,  or  in  clean  water  in  which 
some  blue-mold  spores  had  been  mixed.  Several  bOxes  of  fruit  of 
each  lot  were  parked  at  one  time  and  the  fruit  was  left  in  the  packing 
house  for  about  two  week-s,  when  it  was  examined  for  decay  in  the 
presence  of  growers  and  shippers. 

These  experiments  were  started  in  IDO."*  in  (J  houses.  In  1906  they 
were  carried  on  in  ITi  houses  and  in  liK)i  in  31  hou.ses.  The  exjieri- 
ments  were  usually  begun  in  January  and  extended  into  April. 

The  work  of  the  three  years  has  shown  that  the  orange  as  it  conies 

•  from  the  tree  in  sound  condition  seldom  develops  decay  am]   that 

brushing,  washing,  and  the  mechanical  injury  of  the  fruit  in  handling 

are  followed  by  more  or  less  loss,  the  greatest  decay  developing  in  the 

mechanically  injured  oranges. 

The  following  table  gives  the  average  decay  in  the  different  lots  of 
fruit  in  the  three  years.     The  data  of  1S)07  appear  also  in  figure  S, 
page  32. 
TABLf  I, — Average  percentage  nf  decay  found  iu  oraitgeH  subjcelcd  to  rarioitu 

melhodg  of  treatTtu^t  and  In  rari<ju»  itinditUins,  kcld  in  packing  hoatc»  in 

IMS,  1906,  and  1907. 


rcondltlon  of  orange*. 

Washed    Wuh«l    M 
In  clean    In  dirty    i™ 
«>ter.       wawr.    [    j 

PtroM.   Pereem. 

P. 

It  should  not  be  inferred  from  the.-*  figures  that  the  nnbrushed 
fruit  in  1906  was  less  susceptible  to  decay  than  in  190")  or  1907.  The 
fruit  used  in  the  experimental  work  was  selected  not  by  microscopic 
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examination,  but  by  an  inspection  not  more  critical  than  a  careful 
fruit  grader  could  make.  The  fruit  that  appears  to  be  sound  may 
■  nevertheless  be  bniise<l  to  some  extent,  and  although  the  bruises  are 
not  easily  jwrceptible  they  are  severe  enough  to  be  followed  by  thf 
blue-mold  decay.  The  inspection  in  lOOS  was  probably  not  as  critica' 
as  the  work  that  folIowe<l,  on  a«-ount  of  the  comparative  inexperi- 
ence of  the  Department  representatives.  The  important  principle 
underlying  these  figure-s  is  that  an  apparently  sound  orange  when  it 
comes  from  the  tree  shows  greater  resistance  to  decay  than  the  same 
fruit  after  it  has  been  handled  in  different  ways,  that  the  fruit  show- 
ing visible  mechanical  injury  as  a  result  of  handling  develops  the 
maximum  decay,  and  that  the  brushing  and  washing  of  sound  oranges 
is  more  or  less  detrimental  to  their  keeping  quality. 


mr ^^^-- 
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Fiii.  8. — Ulasrum    llluHtratlns    tbe   percentage    of   decftf    Id    orangea   held   In    packlag 

Aside  from  these  experiments,  a  mimlier  of  comparisons  have  been 
made  to  determine  the  effect  of  dropping  an  orange  IS  inches  into 
the  picking  box.  The  data  along  this  line  are  not  extensive  or  con- 
clusive, but  they  .-ihow  that  under  some  conditions  the  decay  may  be 
considerably  increased  by  dropping  the  fruit  a  small  distance. 
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The  impression  is  general  among  growers  and  shippers  in  Cali- 
fornia that  there  is  a  wide  difference  in  the  inherent  keeping  quality 
of  the  oranges  of  different  sections.  The  fruit  from  the  upper  San 
Bernardino  Valley,  for  example,  is  usuaUy  said  to  have  better  ship- 
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ping  qualities  than  the  oranges  grown  in  the  more  humid  regions 
near  the  coast.  As  a  matter  of  fact,  the  average  condition  of  the 
fruit  of  these  two  regions  on  arriving  in  market  probably  conforms 
to  this  general  impression.  The  results  of  the  packing-house  tests 
already  referred  to  indicate  that  the  difference  in  shipping  quality  is 
due  more  to  the  condition.';  under  which  the  fruit  is  handled  in  these 
sections  than  to  the  inherent  character  of  the  fruit  itself.  By  com- 
paring the  experiments  conducted  in  a  group  of  houses  on  the  coast 
with  tho^  in  a  group  in  the  upper  San  Bernardino  Valley,  the 
f oHowing  average  result  appears : 

Table  II. — Average  percentage  of  decay  found  in  oranges  Jn  different  teotioni 
of  muthem  California  »ttb}ecled  to  varioiu  methods,  of  treatment  and  in 
various  conditions. 


Locality  whoni  growi 


or  condition  ol 
WubadI  W 


Upper  San  Bamardlno  Villa; . . 


(.  Per  eetU.  I  Per  ct 


There  is  practically  no  difference  in  the  decay  in  the  unbru^ed 
fruit  in  the  two  regions.  This  shows  the  keeping  quality  of  the 
sound  fruit  just  as  it  comes  from  the  tree.  There  is  some  difference 
in  the  brushed  fruit,  as  the  same  types  of  brushes  are  not  used  in 
both  sections,  nor  are  the  brushes  always  handled  with  equal  care. 
When  the  fruit  is  washed  in  clean  water  the  results  are  similar,  the 
condition  of  handling  in  this  case  being  similar  and  comparable. 
There  is  some  difference  in  the  decay  in  the  mechanically  injured  fruit 
and  in  the  oranges  washed  in  dirty  water,  as  the  nature  of  the  injury 
and  the  amount  of  blue  mold  in  the  dirty  water  were  probably  not 
comparable.  These  differences  in  decay  are  no  greater  than  com- 
monly occur  in  different  experiments  in  handling  the  same  type  of 
fruit  in  the  same  house. 

In  order  to  compare  the  influence  of  the  brushing  of  the  fruit  under 
similar  conditions,  the  tests  in  the  houses  in  each  section  using  the 
same  kind  of  brush  have  been  brought  together.  In  the  upper  valley 
the  decay  from  brushing  the  fruit  was  4.9  per  cent  and  in  the  coast 
region  4.3  per  cent,  or  practically  the  same  result.  The  packing- 
house tests  indicate  that  an  orange  with  a  .sound  skin  is  not  more 
likely  to  decay  when  grown  in  the  coast  i-egion  than  a  similar  orange 
grown  in  other  parts  of  the  orange  Ijelt  and  that  a  similar  line  of 
handling  produces  similar  results  in  the  different  regions. 

The  difference  that  occurs  in  the  amount  of  decay  in  different 

regions  or  in  different  houses  in  the  same  region  is  due  primarily  to 
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th«  conditions  imiier  which  the  fruit  is  handled.  In  the  coast  region 
in  th«  past  a  large  part  of  the  fruit  has  had  to  be  washed,  while  the 
fruit  of  the  upper-valle;  districts  has  been  shipped  in  a  dry-brushed 
or  unbrushed  condition.  Since  these  investigations  were  begun,  the 
representatives  of  the  Bureau  of  Plant  Industry  have  had  occa.sioTi 
to  look  into  the  conditions  in  many  sections  where  the  fruit  developed 
unusually  large  amounts  of  decay.  In  every  case  the  cause  of  tlie 
trouble  has  been  found,  to  be  due  to  the  conditions  imder  which  the 
fruit  has  been  handled,  including  the  influence  of  such  matters  as 
the  care  with  whicli  the  scale  insects  are  held  in  control  in  the  groves, 
the  business  capacity  of  the  directors  of  the  association,  the  Hbility 
of  the  packing-house  foreman,  the  system  of  handling  labor  in  the 
groves  and  packing  houses,  the  efficiency  of  the  labor,  the  sanitary 
conditions  in  the  packing  houses,  and  the  kind  of  packing-Iiouse 
equipment.  Wherever  these  conditions  have  been  bad  a  section  has 
acquired  the  reputation  of  producing  fruit  that  has  poor  shipping 
quality,  nnd  wherever  these  conditions  have  been  favorable  to  the 
proper  bundling  of  the  fruit  there  has  been  no  trouble  with  its  con- , 
dition  on  arrival  at  destination. 

By  these  remarks  it  is  not  intended  to  convey  the  impression  that 
the  fruit  of  all  sections  is  alike.  There  is  the  widest  difference  in 
the  quality,  in  the  time  of  maturity,  and  in  the  color  of  oranges  of 
different  sections  and  in  different  groves  in  the  same  section.  There 
is  probably  a  good  deal  of  difference  in  the  susceptibility  of  the  fruit 
of  different  regions  to  bruising,  as  there  is  a  wide  difference  in  the 
texture  of  the  fruit.  What  is  intended  to  be  conveyed  is  that  there 
is  no  practical  difference  in  the  amount  of  decay  that  develops  even 
in  the  tenderest  oranges  of  n  section  when  the  fruit  is  handled  with 
enough  care  to  prevent  bruising. 

TRE  PECAY  tn  OBANOES  IN  DIFFEKENT  PUBIOM  Of  THE  BEABON. 

To  determine  the  influence  on  decay  of  picking  the  oranges  at 
different  times  during  the  season  20  boxes  of  the  Washington  Navel 
were  carefully  picked  about  every  ten  days  from  January  to  May 
from  a  grove  of  the  Arlington  Heights  Fruit  Company,  Riverside, 
Cal.  The  fruit  was  held  two  weeks  under  conditions  that  were  espe- 
cially favorable  to  the  development  of  rot.  The  decay  in  the  fruit 
picked  at  different  times  is  brought  out  in  the  chart  shown  as  figure  i). 

There  was  practically  no  difference  in  the  amount  of  decay  in  the 
fruit  at  any  time  between  January  and  May.  The  small  amount  of 
decay  could  usually  be  traced  to  mechanical  injuries  that  were  over- 
looked when  the  fruit  was  brought  in  from  tlie  groves,  and  the  slight 
difference  in  the  amount  of  decay  at  the  different  pickings  could  be 
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easily  accounted  for  in  this  way.  The  trees  were  in  bloom  when  the 
fniit  was  picked  on  March  23  and  April  2, 

The  data  from  these  tests  are  not  extensive  enough  to  be  conclusive, 
but  taken  in  connection  with  the  other  data  accumulated  they  indi- 
cate that  California  oranges  picked  and  handled  with  enough  care 
to  protect  the  skin  from  bruising  are  practically  immune  to  decay, 
whether  picked  in  a  partially  ripe  or  fully  matured  condition.  In 
this  connection  the  series  of  shipments  of  carefully  handled  fruit 
from  February  to  May  under  ventilation,  referred  to  on  page  44,  does 
not  show  an  increa.se  in  decay  as  the  season  advanced.  ' 

It  is  popularly  believed  that  the  fruit  is  more  susceptible  to  decay 
at  the  period  just  preceding  and  during  the  blooming  of  the  trees. 
This  belief  does  not  appear  to  be  well  founded.  The  increase  in 
decay  that  sometimes  occurs  in  the  shipments  in  February  or  March 
is  probably  related  to  rises  in  temperature  in  California  at  that  time, 
causing  the  fruit  to  be  loaded  in  a  hot  condition.  There  is  often  a 
period  of  hot  weatlier  for  a  few  days  each  year  at  this  time.     The 


oranffCB  picked  at  different  HmeH 
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fruit  is  still  being  shipped  under  ventilation.  The  oranges  that  go 
forward  at  that  time  from  the  sections  that  handle  the  fruit  roughly 
develop  excessive  amounkj  of  decay.  This  may  be  followed  by  cooler 
weather  or  by  the  adoption  of  icing  in  place  of  ventilation,  and  the 
decay  falls  off.  Whenever  the  weather  remains  cool  throughout  the 
shipping  season  there  appears  to  be  no  unusual  increase  in  tlie  amount 
of  rot  at  the  blooming  time. 

An  increase  in  decay  usually  follows  an  overcrowded  condition  of 
the  packing  houses  or  a  temporary  shortage  in  the  supply  of  cars  in 
warm  weather.  It  may  also  be  serious  at  the  height  of  the  harvesting 
season.  Under  the  first  condition  the  fruit  is  handled  witli  less  than 
the  usual  care  and  is  made  more  susceptible  to  rot.  Under  the  second 
the  decay  begins  to  grow  in  the  bruised  fruit  while  the  oranges  are 
standing  in  the  packing  house.  Under  the  third  condition  the 
grower  has  to  employ  a  large  amount  of  unskilled  labor,  as  there  is 
not  enough  skilled  labor  to  harvest  the  crop  at  the  height  of  the 
season,  and  the  fruit  is  delivered  to  the  packing  house  in  poor  physical 
condition. 
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In  the  pommercial  shipments  the  decay  is  usually  worse  in  April 
and  May  than  it  is  earlier  in  the  season,  largely  because  the  average 
temperature  is  higher,  causing  the  decay  to  start  quickly,  and  also 
because  it  develops  more  readily  in  ripe  bruised  oranges  than  in 
fruit  that  is  bruised  but  immature. 

THE    CUBIKO   OF    ORAItGEB   BEFOBE    PACKINO.  * 

At  the  time  the  investigation  described  in  this  bulletin  was  begun, 
it  was  a  common  practice  to  hold  oranges  in  a  packing  house  a  few 
days  before  packing.  This  practice  was  referred  to  as  "  curing." 
It  consisted  in  the  wilting  or  the  evaporation  of  a  small  amount  of 
moisture  from  t)ie'skin  of  the  orange,  thereby  making  it  more  pli- 
able and  easier  to  pack.  It  was  considered  necessary  to  wilt  the 
fruit  in  order  that  it  might  be  pressed  into  place  in  the  packing 
box  without  injury  and  to  insure  the  arrival  of  the  package  in 
market  in  a  tight  condition.  It  was  believed  that  by  packing  hard, 
freshly  picked  fruit  the  curing  or  wilting  would  occur  in  the  box, 
and  the  pack  would  arrive  at  destination  in  slack  condition.  A 
final. claim  for  curing  was  that  much,  if  not  all,  of  the  decay  rasult- 
ing  from  mechanical  injuries  would  be  sufficiently  developed  to  be 
noticed  and  discarded  by  the  graders  or  packers  by  holding  the 
fruit  in  the  house  a  few  days  before  packing. 

The  general  claims  for  curing  have  not  l>een  found  to  be  well 
established.  Early  in  the  shipping  season,  when  the  oranges  are 
immature  and  the  skin  hard,  wilting  or  curing  undoubtedly  facili- 
tates the  packing  of  fruit.  Later  in  the  season,  when  the  fruit  is 
ripe,  the  curing  does  not  appear  to  improve  this  condition,  as  the 
fruit  is  naturally-pliable.  The  arrival  of  oranges  in  a  slack  condi- 
tion in  the  box  is  not  due  primarily  to  packing  uncured  fruit.  It 
is  the  result  of  packing  the  fruit  loosely  and  jxrorly  in  the  box.  If 
each  orange  is  pressed  firmly  into  place  by  the  packer,  the  fruit  can 
be  shipped  at  any  time  of  year  as  soon  as  it  is  picked,  and  the  pack- 
ages will  arrive  in  full,  firm  condition.  The  average  packer  does 
not  take  time  to  press  each  orange  firmly  in  place,  especially  if  the 
packing  is  paid  for  by  the  box.  The  packages  are  filled  high  and 
the  cover  press  is  expected  to  do  the  work  that  should  have  been 
done  by  the  packfer.  The  press,  however,  only  makes  the  upper 
layers  of  the  fruit  tight  in  &  loosely  packed  box.  The  fruit  settles 
during  the  trip  and  arrives  in  a  loose  condition.  Tliese  remarks 
are  based  on  the  fact  that  many  of  the  leading  shippt>rs  have  packed 
the  fruit  within  twenty-four  hours  after  picking  during  the  last 
two  years  without  complaint  as  to  the  condition  of  the  pack  on 
arrival.  i 
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It  is  not  true,  either,  that  the  decay  develops  in  the  mechanically 
injured  oranges  during  the  curing  period  except  in  ^arm  weather  and 
.  in  fruit  that  is  most  seriously  injured.  The  decay  may  start  to  grow 
during  this  time,  but  it  requires  several  days  for  it  to.  progress  far 
enough  to  soften  the  fruit  and  to  be  seen  by  a  grader.  The  decay  is 
less  severe  in  the  unpacked  boxes  than  it  is  in  the  packed  fruit,  in 
which  the  moisture  given  off  by  transpiration  is  retained.  If  fruit 
can  not  be  shipped  quickly  after  picking  it  is  better  to  leave  it  in  an 
unpacked  condition. 

The  curing  of  the  orange  does  not  appear  to  be  detrimental  to 
the  shipping  quality  of  sound  fruit  at  any  season,  or  to  slightly 
injured  fruit  in  cool  weather.  Early  in  the  season  it  makes  the  fruit 
somewhat  easier  to  handle  by  the  packer,  but  under  the  conditions 
pertaining  to  the  commercial  handling  of  the  fruit  in  California  it 
probably  does  more  harm  than  good  by  allowing  the  decay  to  begin 
to  grow  in  the  mechanically  injured  fruit.  If  this  fruit  soon  after 
picking  is  shipped  under  refrigeration  or  enters  cool  territory  soon 
lafter  picking,  the  decay  may  not  start  to  grow. 

THK  BBUsHina  or  cAuroiNtA  oianoeb. 

The  practice  of  brushing  oranges  grew  up  gradually  in  California. 
Practically  all  of  the  fruit  was  being  either  brushed  or  washed  when 
the  present  investigation  was  begun.  The  fruit  was  brushed  origi- 
nally to  remove  the  light  coats  of  sooty-mold  fungus  or  the  dust  that 
accumulates  from  the  tillage  of  the  groves  in  the  dry  season.  The 
fruit  was  given  a  glossy  appearance  by  the  brushing  similar  to  the 
artificial  glossiness  that  is  characteristic  of  the  polished  fruit  sold 
from  street  stands.  The  shipper  and  the  receiver  finally  consid- 
ered it  necessary  to  brush  the  fruit  whether  it  was  dirty  or  not,  and 
brushing  became  established  as  a  regular  packing-house  operation 
even  in  houses  to  which  the  fruit  is  delivered  from  the  groves  in  a 
clean  condition. 

Several  types  of  brushes  have  been  developed  in  California.  A 
kind  commonly  use<l  is  .shown  in  Plate  IV,  figure  1.  Some  brush 
the  fruit  lightly,  while  the  stiff  fiber  brushes  or  those  not  adjustable 
to  fruit  of  different  sizes  may  brush  the  oranges  very  harshly.  In 
the  packing-house  experiments,  the  decay  has  often  been  raised  from 
10  to  40  per  cent  in  small  lots  of  fruit  run  through  a  brush  of  a  harsh 
type  or  through  a  brush  that  was  improperly  adjusted.  The  injury 
from  the  brush  generally  arises  from  the  inoculation  of  the  mechanic- 
ally injured  parts  of  the  skin  with  blue-mold  spores  that  are  attached 
to  the  bristles  of  the  brush  or  by  the  actual  puncturing  of  the  skin 
by  the  bristles  and  inoculation  at  the  same  time  in  the  case  of  the 
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harsh  types  or  badly  adjusted  brushes.  It  U  probable  that  light 
brushing  is  not  injurious  to  sound  oranges. 

There  is  a  wide  difference  in  the  quantity  of  dust  and  sooty  mold 
on  the  fruit  of  different  groves  and  in  different  seasons.  All  of  the 
groves  are  comparatively  free  from  dust  during  the  rainy  season, 
from  January  to  April  or  May,  and  in  groves  that  are  well  fumi- 
gated, and  in  most  of  those  in  the  upper  part  of  the  San  Bernardino 
Valley  the  fruit  is  practically  free  from  the  sooty-mold  fungus. 

It  improves  the  appearance  of  an  orange  to  have  the  dirt  removed 
from  the  skin.  It  detracts  from  a  moderately  clean  orange  to  have 
the  natural  bloom  replaced  by  a  gloss,  and  this  altered  appearance 
does  not  improve  the  selling  value  of  the  fruit.  It  is  wholly  unneces- 
sary to  brush  a  large  part  of  the  California  crop,  though  it  may  be 
advisable  to  brush  the  fruit  that  grows  on  the  rows  along  the  high- 
ways, or  to  bru.'di  the  entire  crop  after  the  rainy  season  is  ended  and 
the  dust  from  the  tillage  of  the  land  settles  on  the  fruit.  In  Plate 
IV,  figure  2,  an  arrangement  is  shown  with  a  removable  carrying  belt 
placed  on  the  box  containing  the  brusli.  This  belt  carries  the  fruit 
from  the  hopper  over  the  brush  to  the  elevator  leading  to  the  sorting 
table.  When  a  load  of  fruit  requires  it  the  belt  is  removed  and  the 
oranges  are  nm  through  the  brushes. 

In  1906  the  brushes  were  eliminated  from  two  or  three  packing 
houses,  and  in  1907  at  least  a  dozen  houses,  including  those  that 
shipped  the  brands  which  brought  the  highest  prices  throughout  the 
season,  forwarded  the  fruit  without  brushing. 

THE    WABRina    OF    CAIJFOBHIA    OBANOKS. 

Oranges  are  washed  primarily  to  remove  the  sooty-mold  fungus 
that  grows  in  the  so-called  honeydew  exuded  by  the  black  Hcale 
{Saiasetia  oleae  Bern.).  The  Valencia  orange  is  sometimes  washed 
to  raise  the  grade  by  making  the  fruit  clean  and  attractive,  and  the 
Washington  Naval  is  occasionally  washed  with  that  end  in  view. 

When  the  present  investigation  by  the  Bureau  of  Plant  Industry 
was  undertaken,  from  one-third  to  one-half  of  the  oranges  of  Cali- 
fornia were  washed,  practically  all  of  the  fruit  in  some  sections 
being  treated  in  this  way,  especially  where  the  growers  had  been 
oven'onfident  in  the  parasite  Seuh'Uinta  cyajiea  Matsch  or  in  the  use 
of  oil  sprays  as  means  of  holding  the  black  scale  in  check. 

The  honeydew  from  the  black  scale  spreads  out  over  the  branches, 
leaves,  and  fruit,  and  in  severe  infestations  the  fungus  which  grows 
upon  it  makes  the  oranges  black  and  unsightly.  The  fungus  forms  a 
thin  skin-like  covering  over  the  orange  which  L*  removed  by  wash- 
ing, or  in  light  attacks  by  brushing  the  fruit.    A  Valencia  orange 


^d  by  Google 


WASHING   CALIFORNIA   OBANGBS.  89 

affected  with  sooty-moid  fungus  And  one  free  from  the  trouble  are 
shown  in  Plate  VIIT. 

The  injury  arising  from  washing  the  orange  is  primarily  due  to  the 
water  of  the  tank  becoming  infested  with  spores  of  the  blue  mold. 
These  spores  are  carried  into  the  mechanical  abrasions  of  the  skin 
by  the  water,  under  conditions  that  favor  the  growth  of  the  fungus. 
The  decay  in  washed  fruit  is  also  increased  from  the  fact  that  the 
fruit  is  handled  through  a  complicated  system  of  tanks,  brushes, 
elevators,  racks,  and  other  machinery  which  multiplies  the  chances  of 
mechanical  injury.  A  good  deal  of  the  fruit  is  packed  before  it  is 
thoroughly  dry,  thereby  making  conditions  of  moisture  favorable  for 
the  development  of  decay  in  the  packed  fruit.  This  condition  arises 
during  cloudy  weather  when  there  ia  not  sufficient  sunshine  to  perfect 
the  drying  and  at  times  when  the  fruit  is  not  delivered  to  the  packing 
house  fast  enough  to  keep  the  packers  supplied  with  dry  fruit. 

The  water  is  always  more  or  less  infected  with  the  spores  of  the 
rot  fungus.  They  Ure  found  abundantly  on  the  skin  of  sound  oranges 
and  in  the  dirt  from  the  bottom  of  the  boxes;  in  practice,  also,  decay- 
ing oranges  frequently  pass  into  the  tank.  This  condition  becomes 
aggravated  when  the  water  is  not  changed  frequently.  It  is  least 
objectionable  when  fresh  water  is  constantly  running  though  the 
tank  or  when  the  oranges  are  nm  through  brushes  with  the  water 
.sprayed  over  them.  In  the  average  house  the  water  in  the  tanks  was 
not  changed  oftener  than  once  in  every  day  or  two  until  1907,  when 
in  many  of  the  houses  the  water  was  kept  running  constantly  through 
the  tanks.  It  apparently  is  not  injurious  to  the  orange  to  wash  it  in 
clean  water,  provided  it  is  handled  carefully  in  other  respects. 

The  nerensity  for  washing  the  fruit  should  be  avoided. — ^The  neces-  ' 
sity  for  washing  the  orange  should  be  avoided  by  a  proper  fumiga- 
tion of  the  groves  with  cyanide  of  potassium  or  by  spraying,  if  it  can 
be  effectively  done,  rather  than  by  treating  the  fruit  in  the  packing 
house.  It  has  often  been  suggested  that  the  blue  mold  might  be 
killed  by  a  disinfectant  in  the  wash  water,  as  is  done  with  the  parasitic 
fungus  of  the  lemon  which  produces  tlie  brown  rot.  This  does  not 
appear  from  preliminary  studies  to  be  promising  or  advisable.  If 
it  were  possible  to  kill  the  blue  mold  in  the  washing  tank,  it  would 
place  a  premium  on  the  shiftless  management  of  the  groves  and  on 
the  rough,  careless  handling  of  the  fruit.  Fumigation,  on  the  other 
hand,  is  one  of  the  operations  that  promotes  good  orchard  manage- 
ment; it  maintains  strong,  healthy  trees  and  fruit,  and  it  reduces  the 
cost  of  preparing  the  oranges  for  market  in  a  manner  that  increases 
the  keeping  quality  of  the  fruit. 
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PACKINa-HOUHE    EQUIPUENr    AND    CONDITIONS. 

The  equipment  of  the  average  packing  house,  especially  before  1907, 
was  too  complicated  to  permit  of  careful  handling  of  the  fruit.  Some 
part  or  parts  of  the  equipment  were  usually  out  of  order,  and 
there  were  additional  chances  for  injury  from  the  falling  or  rapid 
running  of  the  oranges  over  gravity  chutes  or  runs.  Many  of  the 
packing  houses  have  not  been  equipped  on  good  mechanical  principles 
or  with  proper  regard  for  the  effect  of  the  handling  of  the  fruit  on 
its  keeping  quality.  It  is  not  too  much  to  say  that  there  was  prac- 
tically no  consideration  given  to  the  effect  of  packing-house  machin- 
ery and  its  installation  on  the  carrying  quality  of  the  fruit  from 
about  1895  to  1906,  the  development  being  made  primarily  to  handle 
large  quantities  at  low  cost.  Since  1906  a  good  many  houses  have 
been  modified  by  the  installation  of  a  simpler  type  of  raachineiy. 
A  hetter  idea  of  the  former  condition  of  many  packing  houses  and  of 
some  houses  at  the  present  time  may  be  had  by  referring  to  a  typical 
example  of  improper  equipment. 

A  prominent  house  that  had  the  reputation  of  shipping  fruit  of 
poor  keeping  quality  was  running  the  oranges  through  about  a  thou- 
sand feet  of  machinery  of  different  kinds.  In  order  to  force  the  fruit 
through  the  machinery  as  rapidly  as  possible,  a  boy  shoved  the 
oranges  into  the  washing  machine  with  a  paddle,  the  fruit  clogging 
in  the  machine  frequently  and  becoming  crushed.  As  many  as  1,200 
boxes  were  sometimes  run  through  the  waslier  in  ten  hours.  The 
capacity  of  the  elevator  leading  from  the  washer  to  the  drying  racks 
was  overtaxed,  and  the  oranges  were  dropping  back  into  the  washer 
from  heights  varying  from  one  to  several  feet.  The  fruit  was  fre- 
quently shoved  down  the  drying  racks  with  poles,  and  in  practically 
every  rack  the  oranges  were  bumping  over  the  heads  of  nails  or 
slivers  of  wood  protruding  into  the  runways.  It  was  a  common  thing 
to  see  a  boy  kick  the  oranges  into  place  when  the  bins  became  clogged. 
In  this  packing  house  eleven  different  places  were  located  where  the 
fruit  dropped  from  1  to  SJ  feet  or  where  the  oranges  were  delivered 
with  force  at  the  bottom  of  a  long  gravity  chute.  As  a  result,  crushed 
and  broken  oranges  could  be  found  at  any  time  along  the  runways 
through  which  the  fruit  was  obliged  to  pass.  It  is  a  tribute  to  the 
shipping  quality  of  the  California  orange  that  so  large  a  proportion 
of  the  fruit  of  this  house  arrived  in  market  in  sound  condition  after 
this  harsh  type  of  handling. 

Features  to  be  avoided  in  a  packing  house. — It  is  difficult  to  point 
out  a  single  place  where  fruit  is  likely  to  be  injured  in  different 
packing  houses,  as  the  arrangement  of  the  machinery  varies  widely. 
There  are  u  few  features  in  the  arrangement  of  every  packing  liouse 
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that  ought  to  be  considered.  A  house  should  be  equipped  in  the 
simplest  possible  manner  in  order  to  avoid  handling  the  fruit  more 
than  is  necessary.  The  dropping  of  the  fruit  or  its  swift  delivery 
from  the  carrying  belts  should  be  avoided.  Overhead  sizers  and  all 
gravity  chutes  are  to  be  condemned.  The  slow-moving,  flat  carry- 
ing belts  should  take  the  place  of  the  gravity  chut«,  as  in  this  way 
the  fruit  may  be  carried  wherever  desired  without  injury.  The 
gravity  sorting  table  ought  to  be  replaced  by  a  low  belt  sorting 
table. 

The  hopper  is  a  source  of  much  injury  from  the  rough  dumping 
of  the  fruit  from  the  picking  boxes.  A  hopper  ought  not  to  be 
higher  than  the  brush  to  which  it  leads,  and  the  fruit  may  be  car- 
ried to  the  brush  by  belts  extending  into  the  hopper  instead  of  by  a 
steep  gravity  run.  The  present  hoppers  are  too  high  to  make  the 
emptying  of  the  boxes  easy.    The  hopper  ought  to  be  well  padded. 

It  is  a  question  worth  considering  whether  the  hopper  can  not  be 
eliminated  from  many  houses  and  the  fruit  delivered  to  the  sorting 
belts  or  on  a  carrying  belt  leading  to  the  sorting  table.  It  is  entirely 
practical,  if  necessary,  to  deliver  the  fruit  on  these  belts  by  taking 
the  oranges  out  of  the  boxes  by  hand. 

There  is  also  much  injury  to  the  oranges  in  dropping  into  and  in 
delivering  from  the  weighing  machines  and  in  the  drop  of  the  fruit 
into  the  packing  bins  of  various  kinds,  none  of  which  prevents  a  con- 
siderable fall  of  the  fruit  when  it  enters  the  bin.  Another  source 
of  injury  is  the  rapid  delivery  of  the  fruit  from  a  carrying  belt  to 
the  elevators,  scales,  bins,  or  other  part  of  the  machinery  to  which 
the  belts  lead.  This  defect  is  the  result  of  the  use  of  narrow  belts 
which  have  to  be  run  at  high  speed  to  meet  the  requirements  of  the 
house  rath*  than  the  use  of  wider  belts  of  larger  carrying  capacity. 

There  has  been  a  great  improvement  in  packing-house  equipment 
in  the  last 'two  or  three  years,  but  the  opportunity  for  the  develop- 
ment of  simpler  types  of  houses  and  equipment  has  not  yet  been  ex- 
hausted. 

The  handling  of  the  packing-house  force  and  equipment  is  also  an 
important  factor.  Unless  the  packing-house  manager  is  adapted  to 
the  handling  of  labor  and  can  keep  the  machinery  in  smooth  run- 
ning order,  no  amount  of  improvement  in  the  machinery  of  the  pack- 
ing house  can  overcome  the  bad  effect  on  the  fruit  of  careletw,  rough, 
undisciplined  labor. 

In  addition  to  the  need  of  a  simple  equipped  and  well-managed 
house,  the  most  rigid  attention  needs  to  be  given  to  the  removal  of 
decaying  fruit  from  the  house  and  its  surroundings.  It  is  not  un- 
common to  see  rotting  oranges  in  the  bins,  on  the  floor,  and  on  the 
ground  around  the  hoifse.     Under  these  conditions,  the  houses  are 
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filled  with  myriads  of  blue-mold  spores.  This  lack  of  attention  to 
the  cleanliness  of  a  packing  house  has  a  bad  effect  on  the  labor,  and 
it  is  invariably  accompanied  by  rough  handling  and  slovenly  work  in 
general-  On  the  otiier  hand,  there  is  not  a  packing  house  in  Cali- 
fornia that  is  leading  in  the  careful  handling  of  its  fruit  that  does 
not  use  rigid  care  to  keep  the  house  and  its  surroundings  clean 
and  sanitary, 

THE  DECAY  OF  ORANOSS  IN  ISAiraiT. 

OENERAI.   DESCRlPnON    OF  THE   EXPEBIMBNTS. 

The  investigation  of  the  decay  of  oranges  during  transportation 
included  40  shipments  in  lOO."*,  70  shipments  in  1906,  and  187  ship- 
ments in  1907.  Nearly  all  of  the  fniit  was  forwarded  to  New 
York.  The  leading  <Aject  of  this  investigation  was  to  det€rmine 
the  relation  of  the  following  factors  to  the  development  of  decay 
in  transit:  (1)  Preparing  the  orange  for  shipment  in  different 
ways  in  California;  (2)  forwarding  it  at  different  length.s  of  time 
after  packing,  and  (3)  shipping  the  fruit  under  different  systems 
of  transportation.  An  investigation  has  also  been  made  of  the 
changes  that  occur  in  the  temperature  in  refrigerator  cars  when 
handled  under  different  conditions  during  the  transcontinental  trip, 
and  a  number  of  technical  engineering  problems  connected  with 
refrigeration  have  received  consideration.  The  shipments  have  in- 
cluded duplicate  lots  of  apparently  sound  brushed  or  unbrushed 
fruit,  of  sound  washed  fruit,  of  the  regular  eommercialiy  packed 
fruit,  and  of  oranges  showing  visible  mechanical  injuries,  such  as 
stem  punctures,  clipper  cuts,  and  other  types  of  abrasions.  The 
different  lots  have  been  packed  from  the  bins  from  which  the 
commercially  packed  fniit  was  taken  by  careful  sorting  by  repre- 
sentatives of  the  Bureau  of  Plant  Industry.  Duplicate  lots  of 
fruit  have  been  forwarded  as  soon  as  packed  and  on  the  second  and 
the  fourth  days  after  packing  under  (1)  ventilation,  (2)  icing,  and 
(3)  precooling  followed  by  icing.  The  decay  has  been  determined 
by  Bureau  representatives  by  the  inspection  of  every  orange  on  the 
arrival  of  the  fruit  in  New  York. 

Through  the  cooperation  of  the  shippers  and  receivers,  the  fruit 
for  these  shipments  has  been  turned  over  to  the  Bureau  of  Plant 
Industry  for  exjwrimental  use  and  after  inspection  in  New  York 
has  been  returned  to  the  receiver.  The  railroad  companies  have 
extended  every  facility  for  the  study  of  the  conditions  in  transit, 
and  the  cold-storage  intei-ests  of  southern  California  made  it  pos- 
sible to  carry  on  technical  as  well  as  commercial  investigations  of 
the  precooling  process. 
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The  result  of  the  shipnieDts  of  each  of  the  three  years  hns  been 
consistent  with  the  others.  It  is  impoasible  to  record  the  details  of 
each  shipment  during  the  three  years.  The  shipments  of  1907,  which 
were  on  the  most  comprehensive  scale  and  are  most  representative 
of  commercial  conditions,  will  be  discussed  as  representative  of  t^e 
entire  work. 

THE    BHIPUKITTB    UNI 


The  shipments  under  ventilation  began  in  1907  in  February  and 
extended  into  May.  During  February  and  March  the  weather  was 
cold  in  California  as  well  as  during  the  trip  across  the  continent. 
The  temperature  of  the  fruit  was  not  often  above  50"  F.  when  loaded, 
and  was  frequently  as  cold  as  the  precooled  fruit.  On  the  average, 
the  fruit  was  probably  cooler  during  the  entire  trip  tlian  the  oranges 
shipped  under  ordinary  icing  later  in  the  season.  The  average  decay 
in  the  shipments  under  ventilation,  therefore,  was  comparatively  low. 

There  were  two  series  of  shipments  under  ventilation.  The  first 
included  apparently  sound  brushed  and  washed  fruit,  commercially 
packed  fruit,  and  mechanically  injured  fruit.  One-third  of  each  lot 
went  forward  as  soon  as  packed  and  the  remainder  on  the  second  and 
the  fourth  days  after  packing.  This  fruit  was  taken  from  sections 
in  which  the  fruit  is  handled  with  average  commercial  care,  not 
representing  the  roughest  type  or  the  most  careful  type  of  handling. 
The  fruit  was  shipped  in  February.  The  second  series  was  taken 
from  a  .single  house  in  which  the  fruit  is  handled  with  care  in  the 
groves  and  in  the  packing  house.  It  represents  the  regular  com- 
mercial pack  of  the  house,  the  fruit  showing  on  the  average  not  more 
than  1  to  3  per  cent  of  mechanical  injury.  The  fruit  of  this  house  is 
not  bruslied.  The  shipments  in  the  second  series  began  in  February 
and  extended  into  May.  The  result  of  the  shipments  under  the  first 
series,  shown  also  in  figure  10,  is  brought  out  in  the  following  table : 

Table  III. — Percentage  of  decay  Ut  oranget  handled  with  avrrage  care,  nkipped 
under  vvnlilatitin.  February,  ISHn. 


Treatment  or  rond 

tlonorft«lt. 

(day. 

CNon..) 

(2d»T..> 

Percent. 
&3 

Averg«B. 

PcTttnt. 

PtTteiU. 

Perrnl. 

S.e 

6.1 

8.7 

Two  important  factors  are  brought  out  by  these  shipments:  (1) 
The  oranges  that  are  "handled  the  most  simply,  i,  e,,  the  apparently 
sound  brushed  fruit,  develop  the  loast  decay,  while  the  fruit  that  is 
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sorted  from  tlie  same  bins  but  has  been  injured  in  handling  develops 
the  greatest  amount  of  decay;  (2)  the  fruit,  taken  as  a  whole,  that 
was  shipped  out  promptly  after  packing  developed  little  decay,  while 
the  fruit  that  was  delayed  before  shipment  developed  a  good  deal  of 
decay,  the  injury  from  the  delay  being  least  severe  in  the  sound 
brushed  fruit  and  greatest  in  the  fruit  that  was  mechanically  injured. 
The  increase  in  the  decay  in  the  apparently  sound  brushed  and  washed 
fruit  as  a  result  of  the  delay  in  shipping  is  probably  due  to  the  fact 
that  it  was  not  possible  to  eliminate  all  of  the  injured  oranges  in 
sorting  the  fruit  from  the  bins. 


Fio,  10— Olagra 

The  result  of  the  shipments  under  the  second  series,  i.  e.,  of  fruit 
handled  carefully  in  the  groves  and  packing  houses,  is  brought  out 
in  the  following  table : 

Table  IV .—Percentage  of  demy  (n  oranges  handled  caTefully  under  oommerciai 

iiindUiiinH  and  nhippcd  under  ventilation  from  Febiiiaru  to  May,  11107. 
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This  table  shows  that  oranges  can  be  handled  in  a  large  conunercial 
business  with  enough  care  to  insure  the  arrival  of  the  fruit  in  market 
in  sound  condition  when  shipped  under  ventilation  through  a  large 
part  of  the  Washington  Navel  shipping  season.  It  also  shows  that 
there  is  little  practical  difference  in  decay  in  sound  fruit  shipped  in 
February  or  in  the  succeeding  months.  As  the  fruit  of  this  house  has 
shown  no  better  inherent  keeping  quality  than  other  sound  fruit  from 
the  same  region,  a  brief  description  of  the  methods  employed  in 
handling  the  crop  will  be  useful  in  showing  how  a  crop  is  carefully 
bandied  in  a  large  commercial  business. 

Methods  used  m  preventing  decay  in  oranges  in  a  large  com- 
mercial husinesa. — The  fruit  shipped  under  the  last  series  was  grown 
and  packed  by  a  corporation  owning  several  hundred  acres  of  groves 
and  packing  its  own  fruit.  When  the  present  investigation  of  the 
Bureau  of  Plant  Industry  was  undertaken  in  1905,  the  fruit  from 
this  house  sometimes  arrived  in  market  showing  from  5  to  30  per 
cent  of  decay.  The  handling  of  the  fruit  was  done  with  the  average 
care  used  in  preparing  the  fruit  for  market  at  that  time.  An  investi- 
gation showed  that  20  to  25  per  cent  of  the  oranges  were  cut  with 
the  clippers  or  were  stem  punctured,  and  that  the  packing  house, 
which  was  equipped  with  overhead  sizers,  contributed  to  the  further 
injury  of  the  fruit.  In  1906  and  in  1907  the  fruit  was  picked  with 
care.  The  labor  in  the  groves  is  paid  by  the  day.  It  is  nnder  the 
management  of  a  competent  foreman.  As  a  rule  the  orange  .as  cut 
from  the  tree  has  a  long  stem,  and  a  second  cut  removes  the  stem 
close  to  the  fruit.  The  pickers  average  from  40  to  50  boxes  a 
day,  and  the  clipper  cutting  and  stem  puncturing  have  I>een  reduced 
to  from  1  to  3  per  cent.  The  loading  and  the  hauling  of  the  boxes 
to  the  packing  house  are  done  with  care.  Gravel  is  kept  out  of  the 
boxes  and  they  are  not  filled  full  enough  to  bruise  the  oranges  on  the 
,  top  when  the  boxes  are  stacked.  The  packing  house  is  handled  by 
a  skillful  foreman.  The  oranges  are  not  brushed.  The  machinery 
is  of  the  simplest  kind  and  is  run  at  comparatively  low  speed.  The 
packing  and  the  loading  of  the  cars  are  done  with  care.  The  packers 
average  from  50  to  60  boxes  a  day.  The  fruit  has  been  shipped 
under  ventilation  until  about  two  months  after  most  of  the  shipments 
from  southern  California  have  begun  to  be  forwarded  under  ice. 

From  the  business  standpoint  this  fruit  took  high  rank  in  the 
market  as  soon  as  careful  handling  methods  were  adopted  in  1906, 
and  it  has  held  it  ever  since.  In  addition  to  a  good  pack,  it  has 
commanded  the  confidence  of  buyers  on  account  of  arriving  in  sound 
condition  day  after  day.  The  excess  in  net  return  has  been  many 
times  greater  than  the  extra  cost  of  careful  handling.  The  extra  cost 
of  handling  the  fruit  carefully  has  probably  not  amounted  to  10  cents 
a  box. 
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What  has  been  accomplished  here  can  be  dnplicated,  so  far  as  the 
sound  arrival  of  the  fruit  is  concerned,  by  any  other  shipper  in  Cali- 
fornia who  will  preserve  the  natural  keeping  quality  of  the  fruit  by 
handling  it  carefully  in  the  grove  and  packing  house  rather  than 
attempting  to  handle  the  shipments  at  the  lowest  possible  cost  under 
conditions  that  make  the  fruit  susceptible  to  decay. 

THE    SKIPMERTS    UHUBB    ICE. 

The  )jhipment»i  under  ice  in  1907  began  in  March  and  extended  to 
the  last  of  May.     They  were  made  from  different  parts  of  the  citrus 


Pro.  II. — Dtairam  lUuBtratlug  the  percentage  of  decs;  In  arHQges  handlHl  rather  rougbl)', 
■hipped  under  Ice.  Februar;  to  April,  IIWT. 

belt.  There  were  two  series  of  shipments  under  ice.  Tlie  first  was 
from  a  group  of  houses  in  which  the  fruit  was  handled  in  the  groves 
and  packing  houses  rather  roughly.  It  included  apparently  sound 
■brushed  and  washed  fruit,  oomniercially  packed  fruit,  and  mechan- 
ically injured  fruit.  The  second  series  was  from  a  group  of  houses 
in  which  the  fruit  was  handled  in  the  groves  and  packing  houses 
with  more  than  average  care.  It  included  apparently  sound  brushed 
fruit,  commercially  packed  fruit,  and  mechanically  injured  fruit. 

The  result  of  the  shipments  under  the  first  series,  shown  also  in 
figure  11,  is  brought  out  in  Table  V: 
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Tablb  V. — Percentage  of  aecag  in  orangcn  hanMei  rather  roughly  a 
under  ice.  February  to  April,  1907. 
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Two  important  factors  similar  to  those  developed  in  the  shipments 
under  ventilation  are  brought  out  by  these  shipments:  (1)  The  decay 
is  least  in  the  fruit  that  ia  handled  the  least,  i.  e.,  the  apparently 
sound  brushed  fruit,  and  greatest  in  the  fruit  that  is  mechanically 
injured;  (2)  the  decay  increases  as  the  time  between  packing  and 
shipping  increases.  The  delay  in  shipping  the  fruit  causes  the  least 
injury  to  the  soundest  fruit  and  develops  the  greatest  injury  in  the 
mechanically  injured  oranges. 

The  result  of  the  shipments  from  the  houses  in  which  the  fruit  was 
handled  with  care  is  brought  out  in  the  following  table: 

Table  VI, — Percentage  of  decat/  lit  orangeg  handled  carefully  and  shipped  under 
ice.  Mareb  to  May.  1007. 
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As  in  the  other  series  under  ice,  the  least  decay  developed  in  the 
sound  brushed  fruit  and  the  greatest  amount  occurred  in  the  mechan- 
ically injured  oranges.  The  decay  is  proportional  to  the  length  of 
time  that  elapses  between  packing  and  shipping.  The  decay  in  all  of 
the  shipments  in  the  second  serie.s  is  less  than  that  in  the  fruit  that 
was  handled  more  roughly,  on  account  of  the  soimder  condition  of 
the  fruit. 

A  practical  illustration  of  careful  handling  methods. — There  are  in- 
cluded in  the  last  series  shipments  from  a  grower  with  extensive 
groves,  whose  fruit  early  in  the  season  of  1907  arrived  in  New  York 
in  bad  condition.  Some  of  the  carloads  developed  as  much  as  25  per 
cent  of  decay.  Both  the  shipper  and  the  receiver  thought  the  decay 
was  due  to  excessive  tenderness  of  the  fruit  brought  on  by  over- 
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fertilizing  or  to  other  methods  followed  in  hitndling  the  groves. 
An  investigation  of  this  case  showed  that  about  20  per  cent  of  the 
fruit  was  mechanically  injured  in  handling.  The  pickers  were  paid 
by  the  box.  It  was  not  considered  essential  to  ship  the  fruit  as  soon 
as  it  was  picked.  The  packing-house  machinery  was  not  well  adapted 
to  the  careful  handling  of  the  fruit,  and  in  the  packing  houfie  the 
labor  was  done  with  no  great  care. 

Tlie  grower  decided  to  change  his  method  of  handling  the  crop. 
Two  or  three  foremen  were  tried  in  the  groves  before  a  satisfactory 
man  was  found  to  handle  the  picking  gang;  the  labor  was  jiaid  by  the 
day,  the  picking  was  done  with  care,  clipper  cutting  and  other  in- 
juries were  reduced  to  an  average  of  about  5  per  cent,  the  packing- 
house equipment  was  remodeled  and  simplified,  the  fruit  was  not 
brushed,  and  it  was  delivered  by  hand  from  the  picking  boxes  to  a 
wide  belt  that  led  to  the  sorting  table.  The  packing-house  operations 
were  conducted  with  more  care  than  formerly.  The  i-esult  of  these 
changes  is  one  of  the  most  striking  that  has  come  under  the  observa- 
tion of  the  representatives  «f  the  Bui'eau  of  Plant  Industry. 

The  decay  in  the  commercial  shipments  diHai)peared  as  soon  as  tlie 
old  methods  were  changed  and  did  not  reappear  throughout  the 
season.  From  the  business  stand|x>int  the  brands  from  this  grower, 
which  up  to  this  time  had  been  handled  with  tkution  by  the  New 
York  buyers,  commanded  confidence  and  sold  at  prices  not  often  sur- 
passed by  other  brands  of  fruit.  The  fruit  from  this  house  handled 
in  the  exj)eriinental  shipments  developed  the  following  average 
decay:  Apparently  sound  unbrushed  fruit,  1.2  per  cent;  commer- 
cially packed  fruit  from  the  same  bins,  4-1  per  cent;  mechanically 
injured  fruit  from  the  same  bins,  14  per  cent.  Tliis  grower  has 
recently  stated  that  by  insisting  rigidly  on  the  careful  handling  of 
the  oranges  the  net  increased  receipts  averaged  from  50  cents  to 
$1.50  a  box  after  the  change  in  methods,  was  adopted. 

An  illuatration  of  better  handling  jnethodn. — There  were  also  in- 
cluded in  the  shipments  under  ice  oranges  from  an  association  that 
in  1905  had  the  reputation  of  producing  fruit  of  the  poorest  carrying 
quality,  though  excellent  in  other  respects.  An  inquiry  in  several 
market!^  showed  that  the  receivers  always  expected  excessive  decay  in 
the  brands  of  this  fruit.  Many  of  the  growers  believed  that  the 
decay  was  due  to  mysterious  local  climatic  and  soil  conditions.  An 
investigation  of  the  case  in  lOOtt  showed  tliat  the  growers  had  de- 
pended on  the  Snttclh'tfa  njanca  Matsoh  to  hold  the  black  scale  in 
check  and  little  fumigation  or  spraying  had  IxH'n  done  in  the  section 
for  three  or  four  years.  The  groves  were  badly  infested  with  scale. 
Probably  DO  per  cent  of  the  fruit  had  to  be  washed.     The  packing- 
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house  tnanagement  exercised  little  pontrol  over  the  picking  of  the 
frwit.  On  the  whole,  it  was  carelessly  picked,  much  of  it  showing 
from  25  to  30  per  cent  of  injury.  The  handling  of  the  fruit  in  other 
respects  was  done  with  average  care.  The  packing  house  was  of  the 
type  shown  in  Plate  III,  figure  2.  The  fniit  that  was  washed  passed 
through  more  than  a  thousand  feet  of  machinery  of  different  kinds 
before  it  was  packed.  The  fruit  often  remained  in  the  house  a  week 
or  more  before  it  was  shipped. 

As  the  conditions  in  this  association  were  typical  of  many  others, 
both  packing-honse  experiments  and  shipping  experiments  were  car- 
ried on  during  1906  and  1907.  In  190G  the  fruit  in  the  packing- 
house experiments  developed  the  following  amount  of  decay:  Ap- 
parently sound  imbrushed  fruit,  1,9  per  cent;  apparently  sound  dry- 
brushed  fruit,  4.2  per  cent;  apparently  sound  fruit  run  through  the 
washers  and  all  other  machinery,  10  per  cent;  mechanically  injured 
fruit,  23  per  cent. 

The  growers  were  convinced  from  these  experiments  that  the  fruit 
was  not  inherently  poor  in  keeping  quality.  There  was  a  general 
fumigation  of  the  groves  in  the  section  in  the  autumn  of  1906,  and 
not  more  than  50  per  cent  of  the  fruit  was  washed  in  1907.  The 
overhead  machinery  was  eliminated,  the  equipment  considerably  sim- 
plified and  changed,  the  picking  was  done  with  more  care  in  1907, 
part  of  it  by  a  picking  crew  under  the  control  of  the  packing  house, 
and  the  fruit  was  shipped  out  more  quickly  whenever  the  car  short- 
age did  not  delay  the  shipments.  In  1907  the  average  decay  in  the 
shipping  experiments  was  as  follows:  Apparently  sound  brushed 
fruit,  1.8  per  cent;  apparently  sound  washed  fruit,  2.6  per  cent;  com- 
mercially packed  fruit,  4.8  per  cent ;  mechanically  injured  fruit,  26.9 
per  cent. 

This  association  has  not  yet  reached  the  limit  of  practical  improve- 
ment, but  the  reputation  of  its  brands  of  fruit  has  already  been  ele- 
vated to  a  higher  class,  as  the  fruit  has  continued  to  arrive  in  the 
markets  in  better  condition  than  formerly. 

THE  BHIPMENT8  OF  PEKCOOI.ED  FBUIT. 

The  shipments  of  precooled  oranges  in  1907  were  begun  in  March 
and  extended  into  May.  They  included  apparently  sound  bi-ushed 
and  washed  fruit,  commercially  packed  fruit,  and  mechanically  in- 
jured fruit,  placed  in  cold  storage  at  different  lengths  of  time  after 
packing  and  allowed  to  remain  there  until  the  fruit  reached  a  tem- 
perature of  35°  to  40°  F,,  when  it  was  shipped  in  refrigerator  cars 
cooled  by  icing  before  the  oranges  were  loaded. 
230aB— Bnl.  123—08 i 
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The  result  of  the  shipments  from  a  group  of  houses  in  which  the 
fruit  is  handled  roughly  in  the  groves  and  packing  houses  is  shown 
in  the  table  following  and  also  in  figure  12 : 

Table  Vll.^Percentagc  of  decay  in  pmcoolcd  oranges,  March  to  May,  1907. 


T«-lment  or  condition  oHmit. 

terVkdng°ind  a  deUy  o(  2%. 
aod  4  dsf  s. 

(NODB.) 

(2day9-).(*diiy8.) 

AvBrage. 

Ptretnl. 

2.2 
■3.0 

2.3 
9.2 

Percent. 
IIB 

PeratU. 

1.6 

S.0 

8.0 

" 

It  will  be  seen  from  the  table  and  from  figure  12  that  the  appar- 
ently sound  brushed  fruit  decayed  least  and  that  there  was  a  pro- 
gressive increase  in  the  decay  through  the  washed,  the  commercially 
packed,  and  the  mechanically  injured  fruit.  This  increase  in  respect 
to  the  different  types  of  fruit  is  similar  to  that  occurring  in  the  ship- 
ments imder  both  ventilation  and  ice.  The  precooled  shipments  also 
bear  out  the  principle  of  the  shipments  under  ventilation  and  ice 
in  that  the  least  decay  developed  in  the  oranges  that  wore  cooled 
quickly  after  packing,  and  considerable  decay  developed  in  the  fruit 
in  which  there  was  a  delay  in  cooling  after  it  was  packed.  It  ap- 
pears to  be  as  essential  to  cool  the  fruit  quickly  if  it  is  to  be  cooled 
before  shipment  as  it  is  to  ship  it  promptly  after  packing,  under 
ventilation  or  ice.  If  the  decay  has  an  opportunity  to  develop  for 
several  days  after  the  fruit  is  packed,  it  can  not  be  eliminated  by 
cooling  the  fruit  to  a  lower  temperature  later  on. 
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By  comparing  the  data  under  the  different  methods  of  shipment  it 
will  be  seen  that  the  apparently  sound  brushed  fruit  arrived  under 
all  conditions  of  shipment  with  the  least  decay:  that  the  apparently 
sound  washed  fruit,  which  is  more  susceptible  to  decay  on  account 
of  the  washing  and  additional  handling  to  which  it  is  subjected, 
decayed  more;  that  the  commercially  packed  fruit,  which  contains 
more  or  less  injured  fruit,  decayed  still  more,  and  that  the  greatest 
amount  of  decay  developed  in  the  mechanically  injured  fruit.  Sound 
fruit  to  start  with,  therefore,  is  the  foundation  for  sound  fruit  in 
market  under  all  methods  of  shipment 

It  is  equally  clear  that  it  is  essential  to  ship  the  fruit  promptly 
after  packing  or  to  cool  it  quickly  if  it  is  to  be  cooled  before  ship- 
ment. A  delay  of  two  days  in  shipping  under  ^'entilation  or  ice  or  in 
the  cooling  of  the  fruit  resulted  in  an  increase  in  decay,  while  a  delay 
of  four  days  developed  a  still  greater  amount,  the  increase  beiug  least 
in  the  apparently  sound  dry -brushed  fruit  and  greatest  in  the 
mechanically  injured  fruit.  It  is  better  to  leave  the  fruit  on  the  trees 
until  it  can  be  shipped  than  to  pick  it  and  leave  it  in  the  packing 
house  several  days  before  shipment  unless  the  weather  is  cold  enough 
to  retard  the  development  of  decay. 

As  to  the  amount  of  decay  under  the  different  methods  of  shipment, 
the  least  decay  developed  in  the  precooled  fruit,  provided  the  ship- 
ments from  the  houses  that  handle  the  fruit  roughly,  as  shown  in 
figures  10,  11,  and  12,  are  compared.  On.  the  other  hand,  there  was 
less  decay  in  the  carefully  handled  commercial  shipments  under  ven- 
tilation, discussed  on  page  44,  than  in  any  other  series,  notwithstand- 
ing the  fact  that  the  shipments  extended  through  a  greater  length  of 
time  than  those  that  were  iced  or  precooled.  This  was  due  to  the 
sounder  condition  of  this  fruit  as  a  result  of  the  careful  handling 
methods  used  in  its  preparation  for  market  It  will  be  seen  also  that 
the  decay  in  the  fruit  shipped  under  ice  from  the  group  of  houses 
that  handle  oranges  carefully,  discussed  on  page  47,  is  less  than  the 
decay  in  the  roughly  handled  fruit  cooled  before  shipment,  discussed 
on  page  46  and  shown  in  figure  11. 

The  comparative  data  bring  out  clearly  that  if  the  fruit  is  unin- 
jnred  when  it  leaves  California  it  is  likely  to  arrive  in  the  East  in 
comparatively  sound  condition,  and  that  under  adverse  conditions, 
such  as  a  delay  in  shipping  the  fruit,  there  is  less  decay  in  apparently 
sound  fruit  than  in  oranges  that  have  been  injured  by  handling. 
These  data. show  clearly  that  it  is  detrimental  to  the  shipping  quality 
to  delay  the  shipment  of  the  fruit  aft«r  it  is  picked  and  packed,  and, 
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finally,  that  fruit  wliich  is  susceptible  to  decay  develops  the  least 
trouble  when  shipped  under  the  precooling  method. 

THE  OBJXCT  OP  COOLIHa  7BVIT  BEFOBE  SHIPHElTr. 

The  principal  object  of  cooling  fruit  before  shipment  is  to  quickly 
retard  the  ripening  processes  and  the  development  of  decay  and  to 
equalize  the  tempemture  in  the  car  during  the  trip.  In  ordinary 
iced  shipments  the  fruit  is  loaded  in  a  car  in  a  warm  condition.  It 
requires  several  days  after  the  fruit  is  loaded  before  the  temperature 
of  the  fruit  is  reduced  to  a  degree  of  cold  that  retards  the  ripening 
and  the  decay.  The  ripening  springs  forward  with  unusual  rapidity 
as  soon  as  a  fruit  is  picked,  and  as  the  air  of  the  car  is  moist  from 
the  transpiration  of  the  fruit  the  conditions  are  favorable  to  the  rapid 
development  of  decay.  In  a  refrigerator  car  the  fruit  is  cooled  by  a 
slow  gravity  circulation  of  air  from  the  ice  bunkers.  The  tempera- 
ture of  the  air  as  it  leaves  the  bunkers  may  fall  as  low  as  34°  F.  It 
is  warmed  by  contact  with  the  fruit  and  grows  warmer  as  it  ascends 
and  reenters  the  ice  bunkers  of  the  car.  The  temperature  in  the  top 
of  the  car  is  several  degrees  wanner  than  in  the  bottom  during  the 
first  part  of  the  trip,  as  shown  in  figure  20,  but  this  difference  grad- 
ually grows  les.s  as  the  fiuit  becomes  cold. 

These  are  fundamental  difficulties  in  the  present  methods  of  han- 
dling perishable  fruits.  They  limit  the  distribution  of  fruit  to  the 
area  over  which  Jhe  top  tiers  of  packages  can  be  safely  shipped, 
thereby  preventing  the  development  of  the  most  distant  domestic 
and  foreign  markets.  They  make  it  necessary  to  harvest  the  summer 
fruits  prematurely  to  provide  against  the  ripening  that  takes  place 
in  transit,  thereby  placing  large  quantities  of  insipid,  flavorless 
peaches,  pliuns,  and  other  fruits  before  the  consumers. 

THE  BXFBIOERATION  OF  CITBII8  ntDITS  IN  TRANSIT. 

All  of  the  considerations  previously  mentioned  do  not  apply  to  the 
shipment  of  oranges  under  the  ordinary  methods  of  refrigeration. 
The  ripening  processes  in  citrus  fruits  proceed  so  slowly  and  are  of 
such  a  nature  that  it  is  not  necessary  to  ice  the  cars  to  retard  the  ripen- 
ing even  with  ripe  fruit  in  hot  weather.  The  citi'us  fruits  are  iced 
primarily  to  retard  the  development  of  decay  and  secondarily  to  re- 
tain the  fr&sh  appearance  of  the  fruit  on  arrival  in  market  by  pre- 
venting undue  evaporation  from  the  skin  during  the  trip.  A  carload 
of  oranges  under  refrigeration  cools  down  slowly,  as  eacli  orange  is 
partly  insulated  in  the  paper  wrapper.  The  hiose  ends  of  the  wrap- 
pers make  a  layer  of  paper  between  the  rows  of  oranges,  and  the  fruit 
is  packed  so  firmly  that  this  prevents  a  free  circulation  of  cold  air 
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around  each  ornoge.  The  cooling  is  done  by  conduction  of  heat 
from  orange  to  orange  and  to  the  air  surrounding  the  packages.  In 
warm  weather  a  car  of  fniit  often  covers  from  one-fourth  to  one- 
third  of  the  trip  across  the  continent  before  the  temperature  of  the 
oranges  drops  to  50°  F.,  as  shown  in  figures  18  and  19.  The  fruit, 
therefore,  may  decay  during  the  first  part  of  the  trip  if  it  has  been 
handled  in  snch  a  way  as  to  make  it  susceptible  to  decay,  especially  if 
it  is  not  shipped  promptly  after  picking  and  packing.  If  it  is  shipped 
promptly  it  does  not  decay  excessively  except  in  hot  weather,  as  will 
be  seen  by  reference  to  figure  11.  The  icing  of  the  fruit  retards  the 
development  of  decay  temporarily.  It  transfers  the  decay  from  the 
shipper  to  the  receiver.  It  does  not  affect  the  shipping  quality, 
except  the  general  appearance,  or  the  keeping  quality  of  sound 
orangefj,  but  it  is  a  means  of  overcoming  for  the  time  being  the  bad 
effect  of  handling  the  fruit  improperly  in  the  groves  and  packing 
houses. 

Tin!   COOLINO   OP  ORANOES    BSPORE   TSANSPORTATION. 

The  cooling  of  the  orange  before  shipment  insures  less  decay  in 
transit  in  poorly  handled  fniit,  as  the  fruit  is  started  in  a  cold  rather 
than  a  warm  condition.  The  fruit  arrives  in  sounder  condition,  but 
the  oranges  that  might  have  decayed  in  transit  under  ventilation  or 
ordinary  icing  decay  after  the  fruit  is  removed  to  a  warm  tempera- 
ture unless  it  passes  quickly  into  consumption,  as  shown  in  figures 
14  and  15.  Icing  or  precooling  used  primarily  to  overcome  the 
effect  of  improper  methods  of  handling  in  the  groves  and  packing 
houses  should  be  scvtrely  condemned,  ns  it  is  a  means  of  deceiving 
the  purcha-ser  who  buys  fruit  that  is  apparently  sound  only  to  find 
the  decay  developing  as  soon  as  the  fruit  is  removed  to  a  warm  tem- 
perature. 

The  use  of  icing  or  of  precooling  as  a  means  of  overcoming  losses 
that  the  grower  and  shipper  can  not  prevent  in  the  ordinary  course 
of  business  Ls  commendable  and  is  es.sentia!  in  the  handling  of  most 
of  the  orange  crop  in  jCalifornia  in  warm  weather. 

The  precooling  of  citrus  fruits  is  worthy  of  consideration  from 
other  points  of  view.  It  appears  to  be  possible  to  save  ice  in  transit 
by  loading  the  fruit  in  a  cold  rather  than  a  hot  condition,  and  it 
seems  to  make  it  possible  to  increase  the  freight-carrying  capacity 
of  a  car  if  the  fruit  is  properly  cooled,  without  increasing  the  prob- 
ability of  decay.  Theoretically  the  heat  withdrawn  in  reducing  a 
carload  of  384  boxes  of  oranges  from  70°  to  40°  F.  is  equivalent  to 
the  melting  of  about  9.&  tons  of  ice.  The  rest  of  the  ice  used  in 
transit  is  consumed  in  protecting  the  fruit  against  the  heat  that 
comes  in  through  the  car  and  in  cooling  the  car  itself.    The  cars, 


^d  by  Google 


64      DECAY  OF  0BA170EB   WHILE  IN   TBAHSIT  FBOU  CALIFORNIA. 

however,  have  to  be  iced  before  loading  when  cold  fruit  is  shipped 
in  them,  a  practice  that  is  not  followed  under  ordinary  icing.  The 
saving  of  ice  in  precooled  fruit  when  the  cars  are  reiced  as  often 
as  they  are  under  oniinary  icing  is  slight  and  does  not  appear  to  be 
of  practical  importance.  The  saving  comes,  however,  from  the  fact 
that  it  does  not  seem  necessary  to  reice  precooled  fruit  during  the 
first  part  of  the  trip  as  often  as  it  is  done  in  ordinary  icing.  In 
the  shipments  in  which  the  temperatures  in  the  cars  have  been  under 
observation  during  the  transcontinental  trip,  the  temperature  of 
the  fruit  cooled  to  35°  and  40°  F.  has  not  begun  to  rise,  even  in  hot 
weather,  until  a  third  or  a  half  of  the  transcontinental  trip  has 
been  covered,  while  in  cooler  weather  the  cars  have  covered  the 
entire  trip  to  New  York  without  a  detrimental  rise  in  temperature, 
often  arriving  with  at  least  a  ton  of  ice  in  the  bunkers.  Under  regu- 
lar icing  the  cars  are  reiced  six  or  eight  times  during  a  transconti- 
nental trip.  Representative  records  of  precooled  cai-s  shipped  from 
California  with  initial  icing  only  are  shown  in  figures  24  and  2r». 

It  is  not  intended  to  draw  conclusions  from  the  data  at  hand  as 
to  the  effect  of  precooling  as  a  means  of  saving  ice,  but  rather  to 
present  a  limited  amount  of  data  to  show  that  this  phase  of  the 
subject  is  worthy  of  careful  consideration  on  the  part  of  shippers 
and  transportation  companies. 

The  second  point  worthy  of  consideration  is  the  possible  increase 
in  the  freight-carrying  capacity  of  a  car  when  loaded  with  friiit  that 
has  been  cooled  properly  for  shipment.  Under  the  present  method 
of  shipment,  the  minimum  freight  weight  of  a  carload  of  perishable 
produce  is  established  not  by  the  actual  carrying  capacity  of  the  car, 
but  by  the  height  to  which  it  is  safe  to  load  the  car  without  excessive 
decay  in  the  top  tier  or  tiers  of  fruit  and  by  the  spacing  between  the 
packages  that  it  is  necessary  to  leave  for  a  free  eircidation  of  air. 

In  the  experimental  shipments  of  the  Bureau  of  Plant  Industry,  a 
number  of  40-foot  cars  have  been  forwarded  with  549  instead  of  384 
boxes,  the  latter  number  being  a  standard  load  under  ordinary  icing. 
The  increase  has  been  accomplished  by  loading  the  cars  7  rows  of 
boxes  wide,  leaving  all  of  the  space  next  to  the  walls  of  the  car,  and 
3  tiers  high,  the  upper  tier  being  laid  on  the  side,  instead  of  C  rows 
wide  and  2  tiers  high,  as  loaded  under  ordinary  icing.  The  standard 
method  of  loading  is  shown  in  figure  3,  The  method  of  loading  with 
549  boxes  is  shown  in  figure  13.  Under  the  latter  method  of  loadintr 
the  fruit  may  arrive  in  New  York  in  hot  weather  with  a  difference  in 
temperature  of  5  to  10  degrees  between  the  top  and  bottom  tiers  of 
fruit,  as  shown  in  figure  23,  but  as  the  temperature  of  the  fruit  is 
low  when  it  is  loaded,  it  appears  to  be  safe  to  ship  oranges  in  this 
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manner  in  cool  weather.  In  hot  weather  the  cars  can  be  loaded  2 
tiers  high  and  7  rows  wide,  making  448  boxes.  In  the  iirst  case  the 
capacity  of  the  car  is  increase<l  165  boxes,  or  11,880  pounds,  and  in  the 
second  case  64  boxes,  or  4,608  pounds.  In  a  train  of  30  cars  the  load 
is  increased  356,400  pounds  in  the  first  case  or  138,240  pounds  in  the 
second  without  adding  dead  weight  to  be  hauled  in  the  form  of 
extra  cars. 

This  phase  of  the  subject  seems  worthy  of  careful  consideration 
on  the  part  of  shippers  and  transportation  companies,  especially  in 
a  time  of  car  shortage. 


niBTOBICAI,  DATA  ON  THE  PRECOOl.IHO  0 


The  first  precooling  of  oi'anges  was  done  at  the  plant  of  the  Los 
Angeles  Ice  and  Cold  Storage  Company,  Los  Angles,  Cal.,  in  the 
spring  of  1905.  At  that  time  several  carloads  of  fruit  were  cooled 
to  35°  to  40'  F.  in  the  warehouse  for  the  Bureau  of  Plant  Industry, 
and,  through  the  cooperation  of  this  company,  about  10  loaded  cars 
were  cooled  by  forcing  cold  air  from  a  coil  room  in  the  cold-storage 
house  through  ducts  which  led  to  the  car  and  back  to  the  coil  room. 
The  cold  air  could  be  forced  in  either  direction  through  the  cars.  A 
genej^l  view  of  the  plant  used  in  1905  is  shown  in  Plate  IX,  figiire  1. 

The  same  line  of  work  was  continued  in  1906  by  the  Bureau  of 
Plant  Industry,  the  fruit  being  cooled  in  the  cold-storage  warehouse. 
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A  3-fon  ice  machine  was  installed  by  «  commercial  company  in  r 
packing  house  at  Arlington,  Cal.,  in  the  spring  of  1906,  from  which 
cold  air  was  forced  through  a  loaded  car  and  back  over  a  series  of 
ammonia  coils,  and  so  on  continuously  around  the  circuit.'  The  plant 
was  built  on  a  so-called  intermittent  vacuum  principle,  the  object 
being  to  reduce  the  atmospheric  pressure  in  the  car  frequently  by  a 
fan,  therebj'  drawing  the  warm  air  out  of  the  packages,  to  be  replaced 
by  the  cold  air  when  the  cold  current  was  again  turned  on.  The 
capacity  of  this  plant  was  too  small  for  the  purpose  of  either  a  prac- 
tical or  experimental  demonstration  of  its  value. 

In  the  spring  of  1907  the  Bureau  of  Plant  Industry  had  erected, 
under  the  direction  of  Mr.  S.  J.  Dennis,  expert  in  refrigeration,  an 
experimental  plant  in  cooperation  with  the  Los  Angeles  Ice  and  Cold 
Storage  Company,  for  the  purpose  of  making  accurate  tests  of  the 


Fio.  14.^ — IllBKram  IIIuBtrBtlnR 
Iwo  weeks  tbereafti 

cooling  of  oranges  in  cars  by  forcing  cold  air  through  the  cars.  This 
plant  consisted  of  two  30-inch-square  intsulated  ducts  leading  from  an 
ammonia  coil  room  capable  of  supplying  from  16  to  20  tons  of  refrig- 
eration in  24  hours.  With  a  motor  and  fan  the  cold  air  was  forced  in 
either  direction  through  the  car  and  back  to  the  coil  room.  The  tem- 
perature of  the  air  was  varied  from  20°  F.  when  first  entering  the 
car  to  higher  temperatures.  It  was  forced  through  the  car  at  different 
velocities  and  in  volume  vaiying  from  4,500  to  6,000  cubic  feet  a 
minute.  This  plant  is  shown  in  Plate  IX,  figure  2.  It  is  hoped  to 
present  a  report  on  this  plant  from  the  engineering  point  of  view 
and  a  discussion  of  the  cold  storage  of  oranges  in  a  future  bulletin  of 
the  Bureau  of  Plant  Industry  on  "  The  Cooling  of  Fruit  for  Ship- 
ment." 
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In  addition  to  the  work  at  the  plant  at  TjOS  Angeles,  Cal.,  extensive 
shipping  experiments  were  conducted  by  the  Ilureau  of  Plant  Indus- 
try in  1907  with  fruit  cooled  in  cold-storage  plants  in  different  parts 
of  the  State.  A  few-  cars  were  cooled  also  at  the  3-ton  plant  at  Ar- 
lington, Cal.,  by  different  parties,  and  about  800  cars  of  fruit  were 
cooled  commercially  in  different  cold-storage  warehouses,  the  fruit 
having  been  stored  primarily  on  account  of  a  shortage  in  cars. 

During  the  summer  of  1907  an  experimental  precooling  plant  was 
erected  by  interests  connected  with  the  Santa  Fe  Railroad  at  San 
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Bernardino,  Cal.,  and  another  plant  at  Roscville,  Cal.,  by  interests 
connected  with  the  Southern  Pacific  Company. 

Tds  KSEpnre  quality  of  obanqes  afieb  asbivai.  in  - 


During  the  season  of  1907  data  have  been  secured  on  the  keeping 
quality  of  oranges  after  arrival  in  market,  the  fruit  having  been 
prepared  for  shipment  in  different  ways  in  California.  Tlie  ship- 
ments included  apparently  sound  bnislied  and  washed  fruit,  com- 
mercially packed  fruit,  and  mechanically  injured  fruit.  Shipments 
■were  forwarded  under  ventilation,  under  ice,  and  after  precooling, 
but  not  under  conditions  that  make  a  comparison  of  the  three 
methods  feasible. 
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On  arrival  in  New  York  the  fruit  was  held  for  different  lengths 
of  time  in  a  storeroom  of  a  wholesale  fruit  merchant,  and  the  decay 
was  determined  at  the  end  of  each  succeeding  week  in  storage. 
Shipments  of  this  type  arrived  during  April,  May,  and  June. 

One  series  of  tests  included  the  regular  commercial  shipments  of 
a  large  corporation  whose  fruit  is  handled  in  the  groves  and  pack- 
ing houses  with  extreme  care.  The  fruit  is  the  same  as  that  repre- 
sented by  the  results  discussed  on  page  45.     All  of  it  was  forwarded 
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iindpr  n>KUlat(Ml  vcnlllatlon,   April,   lOOa 

under  ventilation.    The  decay  developed  at  different  lengths  of  time 
after  arrival  in  New  York  is  shown  in  the  following  table: 

Taiii.r  VIII. — Prrcrnlagc  of  decay  in  carefully  handled  orangrx,  xkipped  under 
ventilation,  after  arrival  in  New  York,  1907. 


ConunGralnlly  hanilled  Ir 


There  was  also  forwarded  from  this  house  in  .Tune,  after  pre- 
cooling,  some  carefully  selected  fruit,  commercially  packed  fruit, 
and  mechanically  injured  fruit.    The  decay  in  the  different  lots  at 
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different  lengths  of  time  after  arrival  in  New  York  is  shown  in  the 
following  table,  and  ako  in  figure  14  (p.  56) : 


Apparent!;  sound  fruit 

CiimmorciftUy  handled  (rult. 
Mechanically  inJurM  fnill. .. 


/907,vna.    Iff    I    y  I  tf    I  a    I  /o  I    //  I  g  I  /j  I  ^  I  /j  I  /6  t  /7  t  «  I 

1    of    n    carl  Olid    of    iiraoKw    Htilpped 
April,    inOT. 

These  data  are  comparable  with  the  decay  under  ventilation  so 
far  as  the  commercially  packed  fruit  is  concerned.  There  was  a  little 
less  decay  in  the  precooled  than  in  the  ventilated  fniit  on  arrival, 
and  the  development  after  arrival  was  slightly  less.  The  difference 
shown  is  so  slight  as  to  be  of  no  practical  value  except  to  indicate 
that  precooled  fruit  that  is  reasonably  sound  is  not  more  likely  to 
decay  after  arrival  in  market  than  equally  sound  ventilated  fniit. 
The  increase  was  slightly  less  in  the  apparently  sound  fruit  and 
greatest  in  the  injured  fruit. 
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The  following  table  shows  the  amount  of  decay  in  fruit  from 
houses  where  the  oranges  handled  were  picked  and  packed  rather 
roughly,  the  fruit  arriving  during  May  and  June  under  ice.  The  data 
are  shown  also  in  Bgure  15  (p.  57). 

Table  X, — Prrvcniage  of  decay  in  oranpet  handled  roughly,  shipped  under  ice, 
after  arrival  in  New   York,  1907. 


Clmnctn  ot  onneos  ahlpped. 


Appanntl7  aoaiul  iToit 
Conuneici^]^  packed  (r 


Mhaidmlly  In 


Time  of  laqnction. 

On.r- 

After  1      AlUr  2 

^L' 

Vv 

Percent.   Prr  cent. 
6.1            1J.7 

13.0        avj 

2&3 
46.1 

/f^jmt^  //  ,  I  /^  I  /.y,  [  /r  I  /5  I  w  I  /?  I  /g  I  /»  1  gf  I  £v   1 

Fic.    IS.— f>|]igram   ghowlng  the   temperature   record   ot  a   carload   of  oranges  sblpped 
under  regular  kins,  Uay,  1006. 

This  table  shows  the  least  development  of  decay  in  the  apparently 
soimd  oranges  and  the  greate.st  development  in  the  mechanically  in- 
jured fruit.  The  increase  in  deciiy  in  the  commercially  packed  fruit, 
which  contains  more  or  less  injured  frnlt,  is  greater  than  the  decay 
in  the  sound  fruit  from  which  the  oranges  showing  visible  mechan- 
ical injuries  have  been  eliminated. 

The  data  on  the  keeping  quality  of  the  fruit  in  New  York,  taken 
as  a  whole,  show  clearly  that  sound  fruit  to  start  with  is  the  basis 
for  good  keeping  (juality  after  arrival  in  market,  as  well  as  the  basis 
123 
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for  aomidness  on  arrival;  that  carefully  handled  wiind  fruit  keeps 
as  well  when  shipped  under  precoolin^  as  ventilated  fruit,  but  that 
unsound  fruit  having  the  decay  retarded  during  shipment  either  by 
precooling  or  by  icing  decays  badly  when  exposed  to  a  warm  atmos- 
phere. The  generat  impression  that  iced  fruit  decays  more  quickly 
than  ventilated  fruit  when  exposed  to  warm  air  is  usually  true  so 
far  as  oranges  that  are  mechanically  injured  are  c<mcemed,  as  the 
injured  fruit  is  more  likely  to  develop  decay  in  transit  under  venti- 
lation, but  it  iis  not  well  founded  when  applied  to  sound  fruit. 


loads  ot  oruDgpH 


During  the  spring  of  1906  and  that  of  1907  an  investigation  was 
made  of  the  changes  that  occur  in  the  temperature  of  the  fruit,  the 
air  in  the  car,  and  the  outside  air  during  the  movement  of  cars  of 
fruit  across  the  conttne)it  under  ventilation,  icing,  and  with  fruit 
cooled  before  shipment  and  forwarded  under  se\eral  conditions  of 
icing.  The  records  were  taken  by  Mr.  CJ.  "W.  Hosford  and  Mr,  H.  M. 
White,  who  made  several  transcontinental  trips  with  train  loads  of 
oranges,  reading  the  thermometers  several  times  a  day  by  entering 
the  cars  at  the  icing  stations  and  other  stopping  points. 
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This  investigation  was  made  possible  through  the  cooperation  of 
the  railroads  In  allowing  the  icing  in  transit,  the  reaiiing  of  the 
thermometers,  and  other  matters  connected  with  the  investigation  to 
be  done  by,  or  under  the  direction  of,  the  representatives  of  the 
Bureau  of  Plant  Industry.  The  records  appearing  in  this  discussion 
were  made  in  cars  forwarded  over  the  Santa  Fe  route. 

From  three  to  six  thermometers  were  placed  in  each  car,  one 
to  determine  the  temperature  of  the  air  just  above  the  boxes  of  fruit, 
the  others  to  determine  the  temperature  of  the  fruit  itself.  These 
latter  were  inserted  in  oranges  in  the  packed  boxes.  With  the  ex- 
ception of  a  few  cases  noted,  the  fruit  temperatures  were  taken  in 
the  upper  half  of  boxes  in  the  upper  tier  midway  between  the  door 
and  the  end  of  the  car,  one  thermometer  being  placed  in  an  orange 
next  to  the  outside  of  the  box,  and  another  in  an  orange  in  the  inside 
or  center  of  the  box.     For  this  purpose  special  long  mercurial  ther- 
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mometers  were  used  which  could  be  read  without  being  removed  from 
the  orange.  The  fruit  temperature  shown  in  the  following  diagrams 
is  the  average  of  the  inside  and  outside  fruit  temperatures.  In  some 
cars  a  thermometer  was  placed  in  the  lower  half  of  a  box  in  the  lower 
tier  in  front  of  the  door.  All  of  the  records  wye  made  in  standard 
40-foot  refrigerator  cars  loaded  with  384  lx>xes,  excejjt  as  noted. 
The  diagrams  that  follow  cover  two  repreMentati\e  records  under 
each  method  of  shipment. 

TEMPERATURE   RECOROS   IN    VEKTILATEO   lARS. 

The  accompanying  chart,  figure  16,  shows  the  tenii>erature  record 
of  a  car  shipijed  in  April,  li)06.  The  record  of  the  temperature  of  the 
air  of  the  car  was  not  begun  imtil  the  train  reached  the  vicinity  of 
Raton,  N.  Mex.  This  car  was  forwarded  under  regulated  ventilation : 
that  is,  the  ventilators,  or  ice  plugs,  in  each  end  of  the  car  were  sup- 
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posed  to  be  closed  whenever  the  outside  air  was  warmer  than  the  fruit 
and  were  opened  when  the  outside  air  was  polder.  The  regulation  in 
this  respect  differs  from  the  standard  ventilation  in  practice,  which 
usually  provides,  so  far  as  the  temperature  is  concerned,  that  tlie 
ventilators  shall  be  closed  whenever  the  outside  temperature  falls 
below  32°  F.,  but  does  not  provide  against  the  rise  in  temperature 
in  the  car  when  the  outside  air  is  above  the  temperature  of  the  fruit. 
The  regulation  of  the  ventilators  in  this  car  was  not  entirely  accurate, 
as  shown  in  the  vent  record  at  Uie  bottom  of  the  chart.  The  fruil 
temperature  is  an  average  of  the  temperature  in  the  inside  of  a  box 
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KiG.  'Jl.— DlaKmm  abowlDg  the  leni[>er>liir«   rucord  or  a  atandnrd  I'arlond  ot  »84   lioxni 
of  ornnBee.  precooled  aad  ahlpped  undRr  rcRulnr  feiag,   Mnrch  nnd  April,  lOOT. 

in  the  top  tier  at  the  end  of  the  cur  nnd  the  teaiiwrature  in  tlic  fruit 
in  a  similar  position  in  the  center  of  the  car. 

It  will  be  seen  that  the  temperature  of  the  air  of  the  car  lags  behind 
the  temperature  of  the  outside  air,  while  the  lag  in  the  fruit  tem- 
perature Is  much  greater  than  that  of  the  air  of  the  car.  The  fruit 
temperature  changes  slowly  even  when  extreme  differences  occur 
outside. 

The  chart  shown  as  figure  17,  page  59,  presents  the  temperature 
record  of  a  car  of  oranges  shipped  under  regulated  ventilation  in 
April,  1907,  with  somewhat  different  weather  conditions  from  those 
occurring  on  the  former  trip. 
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The  results  of  the  experiiiietits  with  this  car  demonstrate  the  fact 
that  the  tempei'atiire  of  the  fruit  changes  much  more  slowly  than  the 
temperature  of  the  outside  air.  It  is  worth  noting  that  several  times 
during  the  trip  the  smperature  of  the  outside  air  feU  below  32°  F. 
and  at  one  time  dropped  to  24°  F.  Notwithstanding  the  fact  that 
the  vents  were  open  at  the  time,  the  temperature  of  the  fruit, 
while  falling  steadily,  did  not  reach  a  point  where  there  was 
danger  of  freezilig.  Two  days  of  this  comparatively  low  tempera- 
ture, April  13  and      ,  1907,  only  reduced  the  fruit  from  50°  to  38°  F. 

The  substance  of  these  records  shows  that  the  temperature  of  a 
carload  of  oranges  under  ventilation  changes  slowly  in  comparison 
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with  the  temperature  of  the  outside  air;  that  tli£  temperature  out- 
side may  often  fail  to  the  freezing  point  or  below  without  injury 
to  the  fruit,  provided  the  fruit  temperature  is  somewhat  above  that 
point  at  the  time;  that  the  danger  of  freezing  depends  on  the  per- 
sistence of  and  the  degree  of  the  low  temperature  without  or  the 
nearness  of  the  fruit  to  it  when  the  car  enters  a  freezing  tempera- 
ture: and  that  the  temperature  of  the  fruit  in  transit  would  be  more 
uniform  if  protection  was  made  against  warm  tenii}eratures  as  well 
as  against  cold  in  the  handling  of  the  ventilators.  This  suggests 
the  need  of  an  orgjinized  mos-^enger  service  for  the  regidation  of 
ventilated  fruit  cars,  the  ventilation  to  protect  the  fruit  against  both 
excessive  cold  and  heat. 
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TEMPERATTRE  RECORDS  IX  ICED  CASB. 

The  chart  shown  as  figure  18,  page  60,  shows  the  record  of  a  carload 
of  oranges  shipped  under  ice  in  May,  1006.  Tlie  fniit  started  at  63° 
F.,  which  is  comparatively  cool,  and  the  outside  air  was  also  com- 
paratively cool  until  the  train  reached  western  Kansas,  after  which 
it  averaged  considerably  higher,  except  at  the  end  of  the  trip.  The 
temperature  of  the  fruit  was  63°  F.  in  starting  ar  1  reached  50°  F. 
on  the  fifth  day,  but  did  not  fall  much  lower,  lybue  the  outside  tem- 
perature remained  high. 

The  record  shown  in  figure  19  (p.  61)  represents  the  average  tempera- 
ture of  two  cars  shipped  in  the  same  train  under  ice  in  May,  1907. 
Each  car  showed  practically  the  same  temperature  throughout  the 
trip.  The  temperature  of  the  fruit  is  the  average  of  five  different 
temperatures  in  each  car.'     Two  of  them  were  taken  in  the  usual 
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Fia,  33. — Diagram  BhowlDK  the  tempernture  chsDEeB  In  the  traH  In  the  bollom.  middle, 
and  top  tiers  la  a  carload  at  540  boxes  ol  oranget,  precooled  and  sblpped  under  Inlllal 
tcing  0DI7. 

place,  halfway  between  the  door  jind  end  of  the  car,  two  were 
taken  in  the  top  tier  in  the  middle  of  the  car  and  represent  the 
average  temperature  of  the  inside  and  outside  fniit,  and  the  fifth 
in  the  center  of  the  bo.x  in  the  lower  half  of  the  lower  tier  in  front 
of  the  door.  The  fruit  started  at  04°  P.,  reached  50°  F,  on  the 
fourth  day,  and  arrived  in  Jersey  City  at  43°  F. 

Tlie  chart  shown  as  figure  20,  page  02,  shows  the  average  cooling  of 
the  oranges  in  the  top  and  bottom  tiers  of  Ikjxch  in  the  cars  shipped 
under  ice  in  1907.  The  temperature  was  taken  in  the  upper  half 
of  the  boxes  in  the  top  tier  and  the  lower  half  of  the  boxes  in  the 
bottom  tier.  The  bottom  tier  cooled  faster  than  the  top  for  several 
days,  the  maximum  difference  reaching  7  to  S  degrees  on  the  third 
and  fourth  days  of  the  trip.  Gradually  the  cxtreine  difference  be- 
tween the  tiers  disappeared,  the  temjwratures  of  the  two  tiers  from 
the  seventh  day  remaining  about  4  degrees  apart. 
ul.123— 08 5 
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The  records  show,  in  substance,  that  under  icing  the  fruit  is  not 
reduced  to  a  low  temi>erature  until  a  considerable  part  of  thp  trans- 
continental trip  has  been  covered,  and  that  the  fall  in  temperature  in 
the  top  tier  lags  behind  the  bottom  tier  throughout  the  trip.  These 
records  indicate  the  reason  why  the  fruit  sometimes  decays  excessively 
■when  shipped  under  ice  and  why  the  top  tiers  of  fruit,  especially  in 
cars  of  deciduous  fruit,  reach  the  market  in  an  overripe  and  decay- 
ing condition.  Many  oranges  lea^-e  California  at  a  temperature  of 
80°  F.  or  higher.  The  decay  starts  during  the  early  part  of  the  trip 
under  the  icing  method,  before  the  fruit  is  cooled. 
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The  chart  shown  as  figiire  21  (p.  63)  is  a  record  of  the  femiierature 
of  a  carload  of  oranges  of  38i  boxes  placed  in  cold  storage  before  load- 
ing and  which  left  California  in  March,  1907,  at  a  temperature  of  38° 
F.  The  car  was  iced  before  the  fruit  was  loaded  and  was  reicud  in 
transit  at  the  regular  icing  stations.  The  temperature  of  the  fruit 
remained  practically  constant  throughout  tlie  trip,  the  air  of  the  car 
changing  slightly  with  the  outside  air. 

The  accompanying  chart,  figure  22  (p.  C>i),  is  a  record  of  the  tem- 
perature of  a  carload  of  ■'>4i)  lx).xcs  of  oranges  placed  in  cold  storage 
Ijefore  loading  and  which  left  California  in  April.  1!)07,  at  a  tempera- 
ture of  38°  F,    The  car  was  iced  before  the  fruit  was  loaded  and  was 
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reiced  regularly  in  transit.  All  of  the  thermometers  in  this  car  were 
placed  near  the  door.  The  fruit  temperature  is  an  average  of  the  fruit 
next  to  the  outside  of  a  box  in  the  third  or  top  tier  and  the  fruit  in  the 
center  of  the  lower  half  of  a  box  in  the  bottom  tier.  The  temperature 
of  the  fruit  rose  to  45°  F,  during  the  first  half  of  the  trip  and  prob- 
ably would  have  risen  higher  if  the  outside  temperature  had  not  been 
colder  during  the  latter  half  of  the  trip. 

The  accompanying  chart,  figure  23  (p.  65),  illustrates  the  average 
temperature  of  the  fruit  in  the  different  tiers  of  a  3-tier  car  loaded 
with  549  boxes.  The  fruit  was  loaded  into  the  car  at  a  temperature  of 
38°  F.    Upon  arrival  in  Jersey  City  it  was  found  that  the  temperature 
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on  the  top  tier  was  51°,  the  middle  tier  48°,  and  the  bottom  tier 
43°  F.  This  is  the  largest  difference  that  has  ln'cn  found  in  any  of 
the  3-tier  precooled  cars  under  observation.  The  record  is  the  result 
of  reading  the  temperature  of  the  fruit  at  the  befrinning  and  cml  of 
the  trip  and  is  not  a  continuous  record  from  day  to  day. 

TKMPERATL'RE   RECOIU>S   ( 

The  chart  shown  as  figure  24  is  a  record  of  a  carload  of  oranges 
placed  in  cold  storage  before  loading  and  which  left  Califuruiii  in 
May,  1SKI6,  at  a  tem|)cratiire  of  V2°  F.  The  car  was  iced  iH'fme  lojid- 
ing  and  was  reiced  at  San  Bernardino  befoi-p  leaving  Californin.     It 
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was  not  reiced  during  the  ivst  of  the  trip.  It  arrived  in  Jersey 
City  with  about  700  pounds  of  ice  in  the  two  bunkers.  During  the 
first  half  of  the  trip  the  weather  was  reasonably  warm,  but  the  tem- 
perature of  the  fruit  remained  fairly  constant.  During  the  latter 
half,  through  Kansas  and  as  far  as  Illinois,  the  outside  temperature 
was  higher.  The  temperature  of  the  car  then  began  to  rise,  the  tem- 
perature of  the  fruit  rising  also  from  45°  to  .x'"  F.,  but  lagging  con- 
siderably behind,  with  a  tendency  to  recede  during  the  cooler  weather 
at  the  end  of  the  trip.  In  this  connection  the  record  of  the  car  under 
ice  sliown  in  figure  IS,  made  in  the  same  train,  should  be  noted.  In 
this  car  the  fruit  started  at  a  temperature  of  63°  and  did  not  drop 
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below  50°  F.  during  the  warm  weather.  In  the  fruit  precooled  and 
iced  in  California  only  it  started  at  4-2°  and  rose  during  the  latter 
half  of  the  trip  as  high  as  5.)°  F.  The  condition  of  temperature  in 
the  precooled  car  is  preferable  so  far  as  the  decay  of  the  fniit  is 
concerned. 

The  chart  shown  as  figure  25  is  a  record  of  a  carload  of  oranges 
of  410  boxes  placed  in  cold  storage  liefore  loading  and  which  left 
California  in  Jfay.  1907,  at  a  temperature  of  30°  F.  Tliis  car  was 
iced  before  loading  and  was  reiced  at  San  Bernardino  before  leaving 
California,  but  not  during  the  rest  of  the  trip.  The  car  was  loaded 
7  rows  of  boxes  wide  on  the  bottom  tier  and  C  rows  wide  on  the  top 
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tier.  It  arrived  in  Jersey  City  with  3,000  pounds  of  ice  in  the  two 
bunkers.  The  temperature  of  the  fruit  rose  gradually  from  39° 
to  48°  F."  In  thi.s  connection  the  record  of  the  iced  car  shown  in 
figure  19,  which  was  in  the  same  train,  should  be  noted.  The  lower 
temperature  during  the  latter  half  of  the  trip  reduced  the  tempera- 
ture of  the  fruit  to  a  lower  degree  than  the  fruit  in  the  iced  car  shown 
in  figure  18,  and  at  the  same  time  it  prevented  as  great  a  rise  in  the 
cold  fruit  as  occurred  in  the  car  "shown  in  figure  24.  It  also  saved 
the  ice  as  compared  with  the  car  shown  in  figure  24. 

The  chart  shown  as  figure  26  shows  the  record  of  a  carload  of 
oranges  placed  in  cold  storage  which  left  California  in  April,  1907, 
at  a  temperature  of  37*^  F.  The  car  was  not  iced  either  before  or 
after  loading.  It  was  foi'warded  with  the  ice  plug;  inserted.  The 
temperature  outside  was  warm  and  the  temperature  of  the  fruit  rose 
rapidly.  After  the  train  reached  Winslow,  Ariz,,  the  temjjerature  of 
the  air  at  night  began  to  fail  below  the  temperature  of  the  fruit,  and 
from  that  point  on  the  car  was  run  under  regulated  ventilation.  The 
record  indicates  that  it  is  not  safe,  ho  far  as  the  temperature  of  the 
fruit  is  concerned,  to  load  precooled  fruit  in  warm  weather  in  a  hot 
car  and  to  forward  it  without  ice. 

SUMMARY   OF   PBECOOLINO    BF.COBRS, 

The  substance  of  the  records  under  piecooling  <lemonstrates  that 
the  temperature  remains  fairly  constant  in  fruit  that  has  been 
cooled  and  is  forwarded  in  a  car  iced  before  loading  and  iced  regu- 
larly in  transit ;  that  the  temperature  of  fruit  cooled  to  about  40°  F,, 
forwarded  in  a  car  iced  before  loading,  and  reiced  at  San  Bernardino, 
Cal.,  only,  remains  fairly  constant  for  at  least  half  of  the  transconti- 
nental trip,  when  the  temperature  may  begin  to  rise  if  the  weather  is 
warm;  that  it  may  be  safe  to  ship  oranges  cooled  to  about  40°  F,  to 
points  in  the  western  half  of  the  United  States  with  California  icing 
only,  provided  the  time  in  transit  is  normal;  that  the  fruit  may  be 
shipped  acro&s  the  continent  in  reasonably  cool  weather  when  handled 
under  the  preceding  conditions;  that  the  need  of  reicing  in  transit 
would  probably  have  to  be  governed  by  the  quantity  of  ice  i-eniaining 
in  the  bunkers  at  any  point  and  not  hy  a  predetermined  fixed  rule, 
and  that  it  is  not  safe  to  load  cold  fruit  in  a  warm  car  and  forward  it 
without  icing. 

StTKMABY. 

The' citrus-fruit  crop  of  California  amounts  to  nearly  30,000  cars 
annually,  of  which  the  orange  comprises  from  S.~)  to  90  per  cent. 
The  fruit  is  grown  under  intensive  culture,  and  the  handling,  ship- 
ping, and  marketing  of  the  crop  have  n-sulted  in  the  development  of 
complex  and  highly  specialized  business  practices. 
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rhe  losses  from  decay  in  the  orange  during  transportation  for- 
merly amounted  to  $750,000  to  $1,500,000  annually.  The  decay  is 
caused  by  a  blue-mold  fungus  which  enters  the  orange  through  me- 
chanical abrasions  in  the  skin.  The  most  common  forms  of  mechan- 
ical injury  are  those  caused  by  the  clippers  in  cutting  the  fruit  from 
the  tree,  stem  punctures,  and  scl^tches-  and  bruises  produced  in 
the  packing  houses.  Most  of  these  injuries  are  invisible  to  the 
inexperienced  eye.  There  has  been  a  wide  variation  in  the  amount 
of  injury  in  the  fruit  of  different  pickers,  growers,  and  packing 
houses,  the  variation  commonly  running  from  1  to  50  per  cent.  A 
good  deal  of  the  trouble  has  been  related  to  methods  of  business 
which  place  a  premium  on  the  amount  rather  than  the  quality  of  the 
work  done  by  the  picker,  the  grower,  or  the  packing  house. 

By  holding  in  many  packing  houses  in  California  fruit  that  has 
been  picked  at  different  perio<is  of  the  season,  in  different  sections 
of  the  citrus  belt,  and  that  has  been  handled  in  different  ways,  it  has 
been  shown  that  the  fruit  that  is  handled  the  least  develoi)s  the  least 
decay,  while' the  fruit  that  shows  the  greatest  amount  of  injury 
develops  the  most  decay.  From  the  standpoint  of  the  packing  house, 
the  least  decay  develops  in  sound  unbrushed  fruit.  Brushing  in- 
creases it,  washirig  increases  it  still  more,  and  any  treatment  that 
cuts  or  tears  the  skin  is  followed  by  the  greatest  amount  of  decay. 

There  appears  to  be  little  difference  in  the  amount  of  decay  in 
oranges  grown  in  different  sections  that  have  been  handled  in  a 
similar  manner,  or  in  oranges  picked  from  the  same  grove  with 
equal  care  at  different  periods  of  the  season,  at  least  from  January 
to  May. 

The  "  curing  "  bf  the  orange  for  a  few  days  before  packing  wilts 
the  skin  and  in  the  early  part  of  the  season  makes  it  pliable  to 
handle.  The  curing  is  probably  not  harmful  to  uninjured  fruit, 
but  under  the  conditions  of  commercial  handling  in  California  the 
blue  mold  begins  to  develop  in  the  injured  oranges  during  the  curing 
period,  but  does  not  develop  far  enough  to  be  seen  by  the  graders 
except  in  fruit  that  has  been  injured  severely. 

If  the  fruit  is  packed  promptly  after  picking  and  is  shipped  at  once 
in  a  cool  temperature  the  decay  may  not  develop  in  transit.  The 
most  progressive  shipi>ers  now  pack  the  fruit  promptly  after  picking. 

It  is  unnecessary  to  brush  so  large  a  proportion  of  the  aranges  an 
has  been  customary  in  the  past,  and  the  wasliing  can  be  avoided  by 
treating  the  gi-oves  properly  for  scale.  The  packing  houses  all 
through  the  citrus  belt  arc  being  modified  in  the  direction  of  more 
simple  machinery. 

The  shipping  experiments  of  the  Bureau  of  Plant  Industry  dur- 
ing the  last  three  years  have  included  297  shipments  of  fruit  to  New 
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York.  The  shipments  have  included  oranges  handled  in  different 
ways  befoee  packing.  The  fruit  has  been  shipped  at  different  lengths 
of  time  after  packing,  and  it  has  been  forwarded  under  ventilation, 
icing,  and  precooling  followed  by  different  conditions  of  icing. 

From  the  standpoi/it  of  the  handling  of  the  fruit  the  least  decay 
has  developed  under  all  methods  of  shipment  in  the  sound,  carefully 
handled  oranges,  and  the  greatest  amount  has  developed  in  those  that 
were  mechanically  injured.  From  the  standpoint  of  the  prompt- 
ness of  shipment  after  packing  the  least  decay  has  developed  in  the 
oranges  shipped  immediately  after  packing,  and  the  decay  has  in- 
creased in  proportion  as  the  time  between  packing  and  shipment  has 
lengthened.  From  the, standpoint  of  the  method  of  shipment  the 
least  decay  developed  in  the  precooled  fruit  that  was  loaded  in  the 
cars  in  cold  condition. 

The  cooling  of  the  fruit  to  a  temperature  of  about  40°  F.  before 
shipment  appears  to  save  ice  in  transit,  as  the  cars  do  not  require 
reicing  as  often  as  they  do  when  forwarded  under  regular  icing. 
It  appears  also  to  increase  the  freight-carrying  capacity  of  a  car 
by  making  it  possible  to  load  the  boxes  more  closely  than  is  safe 
under  regular  icing.  From  the  standpoint  of  decay,  precooling  the 
fruit  is  not  essential,  as  the  decay  can  be  avoided  by  handling  the 
fruit  carefully.  Precooling  retards  decay  temporarily,  but  does  not 
remove  the  cause.  It  should  supplement  rather  than  take  the  place 
of  careful  handling. 

In  the  market  holding  te^ts  the  fruit  that  has  not  been  mechan- 
ically injured  keeps  the  longest,  while  the  greatest  loss  occurs  in 
oranges  that  have  been  thus  injured. 

The  temperature'  of  the  fruit  changes  slowly  in  transit.  In  venti- 
lated cars  there  may  be  extreme  changes  in  the  outside  air,  and  if 
the  extremes  do  not  persist  long  the  changes  in  the  temperature 
of  the  fruit  are  relatively  slow.  In  iced  cars  the  temperature  falls 
relatively  fast  during  the  first  few  days,  but  a  train, may  cover  one- 
third  of  the  trip  across  the  continent  before  the  temperature  of  the 
fruit  reaches  60°  F.  The  decay  develops  rapidly  during  the  early 
part  of  the  trip,  while  the  fruit  is  warm.  In  a  car  in  which  the 
fruit  is  cooled  to  40°  F.  or  lower  before  shipment  the  temperature 
remains  nearly  constant  if  the  car  is  reiced  regularly  in  transit.  In 
cool  weather  it  remains  fairly  constant  without  additional  icing 
after  the  car  leaves  California.  In  warm  weather  the  reicing  during 
the  first  half  of  the  trip  can  l)e  avoided,  but  the  car  may  need  re- 
icing during  the  latter  half  of  the  trip. 
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DESCBIPTION  OF  PI^TEa 
Plate  I.  FrontUpiecc.  WaaliinKton  Navel  orangeB,  showing  blue-mold  decay. 
TUe  uiiper  flgure  shows  the  stem  ctit  sliort,  wltli  an  Injury  In  the  fruit  made 
by  the  clippers.  The  decay  started  at  this  Injury.  The  lower  figure  shows 
on  orange  with  a  lontc  stem  und  n  puncture  made  by  such  a  stem.  The 
decay  la  developing  around  the  Injuryi     <Frult  considerably  reduced  In 

Pi-ATE  H,  Washington  Navel  orange  trees.  Pig,  1, — One  of  the  Washington 
Navel  orange  trees  sent  to  California  hy  the  Deimrtment  of  Agriculture  In 
1873.    Fig,  2. — A  Washington  Navel  orange  tree  three  years  after  planting. 

Plate  III.  California  orange  groves  and  a  jiacklng  house.  Fig.  1. — A  typical 
view  of  hearing  orange  groves.  The  foreground  shows  contour  planting  to 
faollttafe  Irrlgatlou.  Fig,  2. — Interior  view  of  an  orange  packing  house  In 
southern  California,  with  an  old-style  overhead  sizing  maebine  and  gravity 
chutes  leading  to  the  bins.  This  type  of  house  contains  too  much  compli- 
cated machinery  to  insure  careful  handling  of  the  fruit 

Plate  IV.  Orange  brushing  machines.  Fig.  1, — A  common  type  Of  brushing 
machine  with  a  hopiier.  Fig.  2. — A  belt-carrying  device  placed  over  the 
brush  to  deliver  tile  fruit  from  the  bop[ier  to  the  elevator.  This  device 
can  be  removed  when  It  Is  desired  to  brush  the  fruit. 

Plate  V.  Machinery  la  use  In  an  orange  packing  house  la  southern  California. 
Pig.  1.— An  automatic  weighing  machine  In  operation.  Fig.  2. — One  type 
of  slstlng  machine  lu  operation.  The  narrow  carrying  belts  on  either  side 
are  used  to  return  to  tbe  graders  poor  fruit  found  in  the  bins, 

Plate  VI.  An  interior  view  of  a  desirable  type  of  orange  packing  house.  This  la 
a  type  of  house  without  overhead  or  complicated  machinery.  The  grading 
belt  Id  the  background  Is  shown  In  detail  In  text  figure  2.  The  drop  from 
the  grading  belt  to  the  sizers  is  necessary  to  allow  room  for  the  welglilng 
machines.  (From  a  photograph  furnished  by  the  manager  of  the  packing 
house.) 

Plate  VH.  The  washing  of  citrus  fruits.  Fig.  1. — A  lemon  washing  machine 
In  operation.  The  fruit  ie  emptied  into  the  tank  of  water  nt  the  right  of 
the  picture.  It  is  then  cleaned  between  revolving  brushes  lu  the  circular 
lank  and  delivered  od  the  canvas  table  at  the  left,  where  it  is  graded 
according  to  color.  Similar  niachlnea  are  used  In  washing  oranges. 
Fig.  2. — Washed  oranges  on  drying  recks. 

Plate  VIII.  Valencia  oranges.  The  upper  apeclmeu  was  taken  from  a  grove 
that  liad  been  tlioroughly  fuuilgateil  for  the  black  scale.  Tlie  lower  .siieci- 
men  is  from  a  grove  that  had  not  been  fumigated  for  the  black  scale.  The 
sooty-mold  fungus  on  the  upper  part  of  the  fruit  grows  in  the  honeyilew 
eluded  by  the  scale.  Such  fruit  has  to  be  washed.  (Fruit  considerably 
reduced  In  size.) 

Plate  IX  The  cooling  of  oranges  in  cars  before  shipment.     Fig.  1, — The  ex- 
Iterlmental  plant  used  in  1005,     Fig,  2.— Tbe  experimental  i)laut  erected 
and  used  In  I1KI7. 
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Fto.  1.— A  Typical  View  of  Bearinq  Orange  Qroves. 


Fig.  2.— iKTERion  View  of  an  Orange  Packing  House  with  an  Overhead  Sizing 

Machine. 

CALIFORNIA    ORANGE    GROVES    AND    A    PACKING    HOUSE. 
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Fio.  1— A  Common  Type  of  Bhoshinq  Machine,  vy 


Fio.  2.— A  Belt-Caroyins  Device  Over  a  Brushing  Machine. 
ORANGE    BRUSHING    MACHINE& 


^d  by  Google 


Id  b,  Google 


—An  Automatic  Weighing  Machine. 


Fio.  2.— A  TvPE  OF  SiiiNfl  Machine. 
ORANGE    PACKING-HOUSE    MACHINERY. 
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Fio.  1  —A  Lemon  Washino  Machine  in  Operation. 


Fig.   2.--WA3HED   Oranges  on    Drvinq    Racks. 
THE  WASHING  OF  CITRUS  FRUITS. 
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—The  Experimental  Plant  Used  it 


Fks.  2.— The  Experimental  Plant  Used  in  1907. 
the  cooling  of  oranges  in  cars  before  shipment. 
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Wafthington.  D.  C  Deremher  6, 1P07. 
Sir;  I  have  the  honor  to  transmit  herewith,  and  to  recommend 
for  publication  as  Bulletin  No.  124  of  the  series  of  this  Bnrenu,  a 
manuscript  entitled  "The  Prickly  Penr  as  n  Farm  Crop,"  by  Dr. 
David  Griffiths,  which  has  been  submitted  by  Prof.  AV.  J.  SpiIImnn, 
Ag:riculturist  in  Charge  of  Farm  Management  Investigations,  with 
a  view  to  publication. 

This  is  the  first  report  based  upon  actual  experiments  dealing  with 
the  cultivation  upon  a  field  basis  of  any  of  the  peculiar  and  interest- 
ing plants  known  ns  prickly  pears.  They  have  been  utilized  to  a 
lai^  extent  in  the  economy  of  the  stock  business  of  southern  Texas, 
but  have  never  before  been  cultivated  as  n  field  crop  in  this  coimtry. 
The  author  desires  to  acknowledge  his  indebtedness  in  the  conduct 
of  these  investigations  to  the  cooperation  of  Mr.  Alexander  Sinclair, 
upon  whose  ranch  the  work  is  being  carried  on,  and  to  his  son,  Mr. 
William  Sinclair,  who  has  so  faithfully  cared  for  the  plantation. 
Respectfully, 


Hon.  James  Wilson, 

Secretary  of  Agriculture. 


B.  T.   ClALmWAY. 

Chief  of  Bureau. 
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THE  PRICKLY  PEAR  AS  A  FARM  CROP. 


INTBODUCnON. 

No  attempts  have  been  made  hitherto  to  cultivate  prickly  pear  as 
a  regular  crop  in  this  country.  The  nearest  approach  to  it  was 
made  by  some  of  the  old  mission  fathers  of  California,  who  im- 
ported cuttings,  probably  from  Mexico,  and  planted  them  in  hedges, 
where  they  ser\'ed  the  double  purpose  of  barriers  against  stock  and 
as  food  for  man.  That  they  received  any  appreciable  degree  of 
cultivation,  however,  is  very  doubtful.  They  were  probably  grown 
in  much  the  same  manner  that  the  so-called  cultivated  prickly  pears 
are  grown  in  Mexico  to-day. 

An  extended  use  has  been  made  of  the  native  crop  at  various  times 
for  the  past  fifty  years  or  more  in  southern  Texas,  but  it  has  mainly 
been  spasmodic,  lasting  only  until  "  the  drought  was  broken,"  ex- 
cept for  sheep  and  goats,  which  are  fed  on  it  regularly,  and  in  the 
case  of  the  few  dairymen  who  have  made  it  a  practice  to  feed  it  for  a 
portion  of  each  year.  In  short,  the  prickly  pear  has  been  con- 
sidered an  emergency  feed,  to  be  used  only  when  other  feeds  fail. 
Even  enthusiastic  pear  feeders  in  Texas  thought  that  the  results  to  be 
obtained  from  planting  and  cultivating  an  experimental  tract  would 
only  be  "  very  interesting."  There  was  little  expectation  that  the 
plants  would  respond  to  cultivation  as  they  have  done.  The  facts 
■presented  in  this  paper,  however,  show  that  the  prickly  pear  will 
produce,  under  proper  cultural  methods  similar  to  those  used  for  the 
common  staple  crops,  yields  of  roughage  superior  to  some  of  the 
standard  agricultural  crops  of  the  region,  especially  when  an  off 
year  occurs.  It  has  proved  itself  under  cultivation  not  only  an 
emergency  feed  but  an  insurance  against  famine,  as  well  as  a  plant 
whii'h  can  be  grown  and  depended  upon  regularly  as  a  farm  crop. 

The  investigations  of  this  subject  at  the  present  time  are  very 
opportune  indeed,  because  the  demand  for  such  a  crop  is  not  as  great 
in  southern  Texas  now  as  in  a  thickly  settled  region,  giving  ample 
time  for  growers  to  learn  just  the  position  that  the  crop  should 
occupy  in  the  economy  of  their  operations.    Land  is  still  changing 
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hands  in  southern  Texas  in  200-section  blocks,  and  all  of  it  has 
more  or  less  prickly  pear  growing  upon  it.  It  is  not  to  be  expected 
that  holders  of  such  areas  will  be  concerned  with  the  culture  of 
prickly  pear  any  more  than  they  will  be  concerned  with  the  culture 
of  any  other  crop,  for  they  have  plenty  of  pear  growing  wild  in 
their  pastures  now,  often  more  than  they  can  possibly  use.  Settle- 
ment and  subdivision  of  holdings  are  taking  place  very  rapidly, 
however,  throughout  the  region,  and  the  time  is  not  far  distant 
when  the  whole  country  will  be  divided  up  into  small  holdings  where 
the  small  farmer  will  depend  upon  &  variety  of  crops  and  where  use 
will  be  found  for  a  crop  like  this  which  can  withstand  a  protracted 
drought  of  two  or  three  months  or  more  without  artificial  irrigation. 

Indeed,  many  large  communitie^i  now  exist  which  need  to  grow 
some  crop  of  this  kind.  In  the  vicinity  of  the  larger  cities  dairymen 
have  for  years  been  in  great  need  of  roughage  upon  which  they 
can  depend,  as  well  as  succulent  feed,  which  is  not  usually  available 
during  one-half  of  the  year.  In  the  vicinity  of  San  Antonio,  Tex., 
the  feeding  of  the  prickly  pear  has  been  so  extensive  during  the  past 
six  years  that  the  pastures  have  been  practically  depleted  of  it 
within  a  radius  of  eight  miles  from  the  city.  Still,  the  hauling  of 
the  crop  such  distances  is  doubtfully  profitable,  especially  when  it 
must  now  almost  invariably  be  paid  for.  ^ATien  it  is  remembered 
that  a  cow  will  eat  in  the  neighborhood  of  100  pounds  a  day,  it  will 
be  readily  understood  that  to  haul  pear  such  distances  for  feed  is 
very  burdensome.  These  dairymen  could  much  better  afford  to  turn 
some  of  their  native  brush  pastures  into  cultivated  fields  of  prickly 
pear,  wherein  they  could  feed  the  crop  with  no  handling  and  be 
insured  against  a  shortage  of  roughage.  The  conditions  around  San 
Antonio  are  practically  duplicated  near  Laredo. 

Attention  should  be  called  here  to  the  fact  that  this  report  applies 
to  the  experiments  conducted  at  San  Antonio  only  and  that  the  terri- 
tory to  which  the  experiments  apply  extends,  roughly,  from  Houston 
to  Del  Rio  and  from  Austin  to  Brownsville.  Investigations  along, 
similar  lines  are  being  conducted  in  New  Mexico,  Arizona,  California, 
and  Florida,  but  it  is  not  time  to  report  upon  them  yet. 

CI-ZMATIC    CONDITIONS    OF    THE    BEOZON. 

According  U>  Bulletin  Q.  "  Climatology  of  the  United  States," 
issued  by  the  United  States  Weather  Bureau,  the  mean  annual  pre- 
cipitation for  the  city  of  San  Antonio  for  the  past  eighteen  years 
has  l>een  2S.4  inches.  The  total  amount  for  the  driest  year  for  the 
same  period  was  l."i.!'  inches,  and  the  tot  til  for  the  wettest  year,  40.,\ 
These  figures  are  veiT  important  in  the  interpretation  of  these  inves- 
tigations and  show  that  the  work  is  being  done  in  a  region  of  rela- 
ti\-ely  high  average  annual  rainfall.     These  tables  do  not,  however 
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tell  the  Tvtiole  story.  It  is  necessary  to  study  the  monthly  totals  in 
order  to  appreciate  the  conditions  of  moisture  prevailing.  The  fol- 
lowing table  is  compiled  from  monthly  totals  of  precipitation  for 
the  past  ten  years  and  shows  in  a  striking  way  how  irregular  is  the 
distribution  of  moisture: 
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With  an  equitable  distribution  of  the  rainfall  there  would  be  less 
demand  for  a  crop  which  can  withstand  periods  of  drought. 

The  cohimn  showing  monthly  extremes  In  the  table  above  is  most 
striking;  only  three  months  have  a  minimum  of  more  than  one-half 
inch.  A  glance  at  the  columns  of  monthly  totals  will  show  nearly  as 
striking  variations  for  the  seasons.  Even  this  table  does  not  tell  the 
complete  story.  One  must  take  into  consideration  the  torrential 
character  of  tJie  summer  rains.  A  rainfall  of  4  inches  is  not  at  all 
uncommon  and  may  occur  over  a  very  local  area. 

These  are  the  moisture  conditions  especially  adapted,  to  the  suc- 
cessful growth  of  prickly  pear.  Attention  is  called  to  this  especially 
because  of  the  apparently  well-established  idea  in  the  popular  mind 
that  the  plants  will  grow  with  little  or  no  water — i.  e.,  are  adapted  to 
any  desert  condition.  On  the  contrary,  they  are  adapted  to  grow- 
where  th&  rainfall  is  considerable  but  irregularly  or  periodically  dis- 
tributed These  plants  can  not  grow  without  water  any  more  than 
any  others,  but  they  can  get  along  for  long  periods  without  it  on 
account  of  the  large  quantities  which  they  store  up  in  their  succulent 


As  regards  temperature "  we  are  concerned  with  this  crop  mainly 
in  the  minimum.     The  lowest  temperature  recorded  by  the  Weather 

"The  records  ore  all  compiled  from  the  United  States  Weotlier  BureuM 
records  In  the  city  of  San  Antonio,  wUlch  ore  not  iierfectly  aatlafnctoi-y  fnr  our 
atatloD,  becnune  it  Is  not  only  8  miles  distant,  but  7!)  feel  iibove  the  groinxl, 
and  consequently  may  not  re[ireiwnt  conditions  wbert-  the  plmita  grow  witiilii 
sevenii  degrees.    These  records,  however,  are  the  only  ones  availiible. 
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Bureau  for  the  San  Antonio  station  is  4°  F.  in  February,  1899,  at 
which  time,  according  to  the  best  information  obtainable,  pear  as 
well  as  the  huisache  (Acacia  famesiana)  was  badiy  frozen  all  ovw 
southern  Texas,  This  is"  an  unusual  temperature  and  has  occurred 
but  once  since  the  establishment  of  the  station.  The  minimum  in 
1905,  the  lowest  since  these  investigations  were  begun,  occurred  on 
February  13,  when  a  temperature  of  13"  F.  was  reached.  Even  this 
was  considered  an  unusually  cold  season.  At  this  time  the  native 
prickly  pear  appeared  to  be  near  the  limit  of  its  perfect  endurance. 
A  few  plants  in  the  open  drooped  a  little,  but  no  permanent  injury 
was  done,  ns  th^  straightened  up  again  in  a  short  time.  The  mini- 
mum Fahrenheit  readings  recorded  for  San  Antonio  for  ten  consecu- 
tive years,  beginning  with  1906,  are  as  follows;  24°,  13°,  22°,  19°,  26°, 
15°,  19°,  4°,  20°,  18°,  27°,  and  11°.  But  even  these  temperatures  are 
of  short  duration.  It  is  seldom  that  seven  days  occur  during  an 
entire  winter  with  an  absolute  minimum  below  22°  F.  Winters  are 
rather  frequent  when  this  temperature  is  not  reached. 

Besides  a  minimum  not  lower  than  something  like  12°  F.  a  high 
average  summer  temperature  is  an  advantage  in  the  culture  of 
prickly  pear.  During  the  ten  years  ending  in  1903  there  occurred 
on  an  average  only  four  days  a  year  with  a  maximum  over  100°  F. 
One  year  of  this  period  had  twelve^ays  with  a  maximum  above  100° 
F.  and  one  year's  maximum  did  not  reach  100°  F.  The  conditions 
in  this  respect  are  presented  in  the  following  table: " 
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FREFASATION  OF  CUTTINOB  OF  FBICXI.Y  FBAB. 

Wiien  these  investigations  were  begun  certain  conventional  for- 
iiiuIr'  for  planting  all  species  of  caoti  were  more  or  less  in  vogue. 
These  were  found  in  the  practices  of  horticulturists  and  in  pub- 
lished reports,  mainly  of  French  investigators  in  northern  Africa. 
These  practices,  briefly  summarized,  related  mainly  to  propaga- 
tion from  cuttings.  It  has  been  the  custom  among  horticulturists,  as 
well  as  the  practice  of  the  growers  mentioned  above,  to  prepare  the 

"  See  aPso  discussions  o(  temperature  on  page  21. 
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cuttings  some  time,  commonly  two  weeks,  before  planting  them.  In 
other  words,  the  joints  were  somewhat  wilted  before  being  planted. 
This  practice  appears  to  be  necessary  under  greenhouse  conditions, 
and  growers  in  northern  Africa  seem  to  be  quite  insistent  upon  the 
same  practice  for  out-of-door  culture.  When  planted  under  the 
humid  conditions  of  the  greenhouse,  cuttings  are  much  more  likely 
to  decay  at  the  surface  of  the  ground  unless  some  of  the  moisture  is 
evaporated  before  the  cut  surface  is  put  in  contact  with  moist  earth. 

Prickly  pear  cuttings  do  not  callous  over  and  produce  root?  frtmi 
the  cambium  and  buds  as  do  cuttings  from  ordinary  trees  and  shrubs, 
but  the  cut  surface  heals  over  and  roots  are  put  forth  from  the 
areoles  which  contain  the  spines.  It  is  important  to  bear  this  in 
mind  in  the  propagation  of  the  prickly  pears.  From  the  greenhouse 
standpoint  it  is  necessary  that  the  cut  surface  be  thoroughly  dried 
before  the  cutting  is  set. 

Some  attention  was  paid  to  this  practice  when  the  first  plantings 
were  made  in  the  spring  of  1B05.  An  attempt  was  made  to  prepare 
the  cuttings  at  least  forty-eight  hours  before  they  were  planted,  but 
it  was  not  always  done.  Indeed,  a  considerable  part  of  the  planting 
occurred  immediately  after  the  cuttings  were  prepared.  Ho  bad  ef- 
fect was  observed  from  the  practice  followed,  although  some  of  the 
cuttings  were  planted  during  a  very  wet  season.  Since  that  time  no 
attention  has  been  paid  to  the  wilting  of  the  cuttings. 

The  practice  has  been  to  use  one-joint  cuttings  almost  entirely  for 
planting,  and  it  is  believed  that  this  is  the  most  advantageous,  all 
things  considered,  for  commercial  practice.  The  favorite  instrument 
for  making  the  cuttings  has  been  a  hoe  straightened  out  so  that  the 
blade  is  in  a  straight  line  with  the  handle.  This  is  used  much  as  a 
spade  might  be  used  for  the  same  purpose.  With  this  instrument  the 
whole  plant  is  cut  up,  as  nearly  as  is  convenient,  into  individual 
joints.  Of  course  it  is  not  always  convenient  or  even  possible  to 
strike  the  union  between  the  joints  exactly,  but  this  is  approximated 
as  closely  as  possible.  Sometimes  the  instrument  severs  one  side  or 
the  other,  but  this  appears  to  make  little  difference,  if  any. 

When  the  6  acres  of  ground  were  planted  in  the  spring  of  1907,  it 
was  done  with  the  avowed  purpose  of  performing  the  work  as  it  was 
considered  the  practical  farmer  or  dairyman  would  carry  it  on.  It 
was  the  intention  to  get  as  practical  a  test  as  possible.  The  plants 
after  being  brought  to  the  field  were  cut  up  into  single  joints  mainly 
by  the  writer,  but  the  hauling  and  distributing  of  the  cuttings  were 
done  principally  by  negro  and  Mexican  labor.  The  handling  was 
_  done  entirely  with  pitchforks,  and  the  laborers  were  not  cautioned  at 
all  about  being  careful  not  to  injure  the  stock.  As  a  result,  practically 
every  joint  planted  upon  the  entire  6  acres  had  from  one  to  a  half 
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dozen  tine  holes  in  it.  In  spite  of  this,  it  is  certain  that  at  least  99 
per  cent  of  the  cuttings  grew.  Indeed,  the  stand  on  all  portions  of 
the  field  was  practically  perfect. 

The  above  experience  is  cited  to  show  that  there  is  nothing  im- 
practicable in  our  method  of  rough  handling  of  the  cuttings,  not  as 
a  justification  of  such  handling.  The  less  injury  the  cuttings  receive 
the  better  they  will  grow  and  the  more  vigorous  plants  will  they 
make  without  doubt ;  but  it  is  by  no  means  imperative  that  care  to 
the  sacrifice  of  speed  in  handling  should  be  indulged  in.  The  cut- 
tings will  withstand  quite  rough  treatment  and  still  make  good 
plants,  but  they  should  not  be  unnecessarily  bruised  or  mangled. 

As  has  been  stated,  single-joint  cuttings  have  been  used  as  a  rule. 
Occasionally  when  joints  were  very  small  two  of  them  have  been 
left  attached.  The  whole  plant  has  been  used  invariably.  All  the 
joints  appear  to  grow  equally  well,  but  large,  heavy  joints  two 
or  more  years  old  make  much  the  best  plants.  Good  plants  are 
always  obtained  from  old  woody  stems,  often  six  or  seven  years  old. 
These  are  also  much  less  likely  to  be  bruised  and  otherwise  injured 
in  handling  than  the  younger  growth. 

The  Mexican  people  who  handle  very  small  quantities  commonly 
plant  two  and  a  half  to  three  joint  cuttings.  Their  object  is  to  get 
fruit  as  early  as  possible.  In  the  cultivation  of  their  large  tame 
forms  they  are  not  concerned  with  the  stock-feed  side  of  the  question. 
They  claim  to  get  a  good  crop  of  fruit  the  third  year  from  such  cut- 
tings, while  it  would  take  five  years  to  secure  the  same  crop  from 
single-joint  cuttings.  Good  crops  of  fruit  have  been  secured  from 
single-joint  cuttings  of  the  native  Opuntia  lindheimeri  in  three  years 
in  southern  Texas.  The  large  tuine  forms  of  Mexico  are  much  larger 
plants,  and  it  may  consequently  take  them  longer  to  come  into  bear- 
ing. Indeed,  none  of  them  grown  from  single-joint  cuttings  along- 
side of  the  Texas  forms  produced  fruit  in  any  quantity  the  thinl  year. 

HETHOD    OF    FI^NTINa. 

There  are  many  points  ctmnected  with  the  various  operations  of 
planting,  cultivating,  and  handling  of  these  plants  that  have  not 
l»een  fully  demonstrated  as  yet.  The  best  that  can  be  done  in  con- 
nection with  some  of  these  processes  is  to  give  an  account  of  the 
methods  which  have  been  used  in  these  experiments.  It  is  expected, 
of  course,  that  these  will  be  improved  upon  as  our  experience  in 
growing  prickly  i>ear  becomes  more  extensive. 

When  the  cultural  work  was  taken  up  a  6-foot  row  was  decided 
upon  as  the  most  suitable.  The  distance  between  the  cuttings  in  the 
row  has  been  varied  from  2  to  4  feet.  Although  plantings  have  been 
made  for  the  purpose  of  determining  which  is  the  best  distance, 
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still  it  is  not  possible  to  make  any  definite  recommendations  at  the 
present  time  any  more  than  to  say  that  close  planting  appears  to  be 
more  productive  in  a  general  way  than  the  more  distant  planting. 
So  thoroughly  did  this  appear  to  be  the  case  in  our  first  experiments 
that  the  entire  6  acres  planted  in  the  spring  of  1907  had  cuttings 
planted  2  feet  apart,  from  center  to  center,  in  6  or  8  foot  rows. 

It  is  recommended  to  those  who  contemplate  the  cultivation  of 
this  crop  for  forage  in  southern  Texas  that  6-foot  rows  be  adopted 
and  that  the  cuttings  be  set  2  feet  apart,  from  center  to  center,  in 
the  row.  This  will  enable  one  to  cultivate  one  way  for  two  seasons, 
and  the  crop  if  harvested  at  the  end  of  this  time  can  be  cultivated 
again  for  the  succeeding  two  seasons,  when  the  second  crop  is  being 
grown,  and  so  on  indefinitely.  It  will  be  difficult  to  get  a  horse 
through  6-foot  rows  after  the  second  year.  It  is  quite  possible  that 
further  experience  will  demonstrate  that  other  distances  will  be 
more  advantageous.  It  may  be  that  2  feet  apart  in  the  row  will 
bring  the  plants  too  close  tofjether  to  produce  the  maximum  yield, 
or  that  the  red  spider  will  prove  less  injurious  when  the  plants  are 
grown  farther  apart.  These  are  questions  which  will  require  prac- 
tice to  fully  demonstrate.  At  present  it  appears  that  2  by  6  feet 
is  the  proper  distance. 

The  stock  planted  has  been  secured  from  native  pastures  within  a 
radius  of  2  miles  from  the  experitnents.  The  plants  cut  off  at  or 
near  the  ground  have  been  loaded  on  wagons  with  pitchforks. 
Sometimes  the  larger  plants  have  been  cut  up  somewhat  to  facilitate 
handling.  Wngonloads  of  stock  of  this  kind  have  been  distributed 
in  the  field  in  piles  (see  PI.  I,  fig.  3),  which  were  subsequently  pre- 
pared for  planting  by  cutting  the  plants  into  individual  joints  with  a 
hoe  straightened  upon  its  handle  as  desiTibed  elsewhere.  The  cut- 
tings were  then  distributed  with  a  pitchfork  to  the  places  where 
they  were  to  grow.  Much  labor  can  be  saved  by  a  careful  distribu- 
tion of  the  material  so  that  it  need  not  be  carried  far. 

Several  methods  of  setting  the  cuttings  have  been  tested.  In 
the  earlier  plantings  some  were  set  on  edge  i(i  furrows  or  in  holes 
opened  up  with  a  shovel.  This  hand  labor  was  \ery  expensive 
and  troublesome,  and  it  was  soon  recognized  that  it  would  not  do 
for  commercial  practice.  In  the  last  plantings  made  the  cuttings 
■were  not  touched  by  hand  at  all.  A  portion  of  the  6-acre  tract 
plant«d  in  1907  was  laid  out  in  rows  by  running  a  shallow  furrow 
with  a  small  walking  plow.  The  cuttings  were  laid  against  the 
furrow/the  base  reaching  nearly  to  the  bottom  of  the  depression 
(PI.  I,  fig.  3).  Another  furrow  was  then  turned  in  the  same  di- 
rection, throwing  dirt  over  the  bases  of  these  joints,  covering  ap- 
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proximately  one-half  of  them,  sometimeis  more  and  sometimes  less." 
(PI.  I,  fig.  2.)  Another  portion  of  the  field  was  simply  marked  and 
the  joints  were  laid  on  the  surface  of  the  ground  at  proper  distances 
in  the  rows  thus  laid  out,     (PI-  I,  fig.  4.) 

When  the  ground  is  very  dry,  cloddy,  or  otherwise  poorly  pre- 
pared, it  will  be  advantageous  to  partially  cover  the  cuttings;  but 
if  the  ground  is  well  pulverized  and  in  such  condition  that  mois- 
ture will  be  brought  to  the  surface  by  capillarity,  just  as  good 
results  will  be  secured  by  simply  placing  the  cuttings  on  their 
sides  in  firm  contact  with  the  ground.  Indeed,  in  the  first  plantings 
better  plants  were  secured  in  this  way  than  when  the  joints  wer^ 
planted  on  edge. 

There  is  good  reason  for  this.  Attention  has  been  called  to  the  fact 
that  roots  spring  from  the  areoles  or  cushions  of  spines  and  spicules 
distributed  regularly  over  the  surface  of  the  stems  (joints).  This 
statement  is  equally  true  of  the  new  growth.  It  always  springs  from 
these  areoles,  but  these  spaces  are  always  more  numerous  around  the 
edges  of  the  disk-like  cuttings.  When  the  cuttings  are  laid  fiat  on  the 
ground  it  is  but  a  short  time  before  unequal  evaporation  from  the 
two  surfaces  causes  them  to  dish  slightly.  This  will  leave  the  areoles 
.in  the  center  of  the  lower  surface  in  contact  with  the  ground.  They 
will  form  roots  in  a  very  short  time.  From  any  portion  of  the 
slightly  upturned  edge  of  the  joint  new  growth  may  take  place.  In 
the  case  of  joints  buried  6  inches  or  more  by  the  plow,  or  otherwise, 
the  surface  for  new  growth  is  reduced  at  least  by  one-half  and  the 
base  or  foundation  of  the  plant  is  also  reduced,  or,  more  properly,  is 
much  smaller  than  when  the  cutting  is  laid  flat  and  the  whole  edge  is 
in  position  to  send  out  new  growth. 

It  is  very  fortunate  that  the  plants  grow  readily  in  this  position, 
for  planting  in  this  way  greatly  rediices  the  labor  involved.  Usually 
all  that  is  necessary  is  to  drop  the  cutting  into  place  from  the  fork. 
At  other  times  it  may  be  necessary  to  press  it  down  with  the  foot  or 
a  slight  pressure  of  the  fork  after  it  is  in  place.  It  should  be  borne 
in  mind  that  the  cuttings  should  be  in  contact  with  the  ground.  If 
they  are  held  away  from  it  an  inch  or  so  by  clods,  or  even  by  the  long, 
stout  spines  found  in  Home  of  the  varieties,  the  chances  of  their  be- 
coming established  are  greatly  reduced.  Indeed,  if  none  of  the  are- 
oles is  in  actual  contact  with  moist  earth  the  cuttings  will  not  grow. 
TIME   OF  TEAS  TO  PLANT. 

There  are  indeed  few,  if  any,  crops  whicli  have  such  a  range  of 
adaptability  as  regards  the  time  at  which  they  may  be  planted.     Be- 
aver the  joints,  for  tbey  will  aluiOHt  luvarlHlil.v 
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ginning  with  February,  1905,  plantings  were  made  between  the  first 
and  tenth  of  each  calendar  month,  except  August,  for  the  next  twelve 
months,  to  determine,  if  possible,  the  most  favorable  season.  Xo 
plantings  were  made  in  August  because  it  was  excessively  dry  and 
hot,  similar  to  July,  when  cutfings  failed  to  grow.  All  other  plant- 
ings grew  as  well  at  one  season  of  the  year  as  another.  All  of  the 
plantings,  except  a  part  of  those  made  in  February,  were  upon  uncul- 
tivated ground,  the  joints  being  placed  in  a  furrow  and  partially 
covered,  4s  described  elsewhere.  This  feature  is  again  a  decided 
advantage,  for  it  enables  the  farmer  to  plant  this  crop  at  almost  any 
time  of  the  year.  In  other  words,  it  can  be  done  during  a  season 
when  other  farm  operations  are  not  pressing.  There  is  little  doubt 
that  cuttings  will  grow  even  in  July  and  August,  provided  those 
months  happen  to  be  sufficiently  moist. 

BEKXWAIi  OF  FLAHTATION. 

Little  is  known  about  the  length  of  time  during  which  a  plantation 
will  grow  when  repeatedly  harvested  in  a  systematic  manner.  No 
reliable  data  are  available.  The  nearest  approach  is  in  the  case  of 
the  planting  made  by  Mr.  D.  M.  Poor  (PI.  II,  fig.  3).  This  planta- 
tion, consisting  of  two-thirds  of  an  acre,  was  established  by  Mr,  Poor 
about  1885.  He  laid  off  the  ground  in  rows  2  feet  apart,  with  an 
ordinary  two-horse  plow,  in  land  which  had  been  cleared  of  brush 
but  never  broken.  Native  pear  was  chopped  up  into  one  or  two 
joint  cuttings,  distributed  in  the  furrows,  and  suhsefiuent ly  partly 
covered  with  another  furrow.  The  area  has  been  used  moio  or  loss 
for  twenty  years,  but  it  has  never  been  cultivated.  It  has  never  been 
harvested  closely  and  certainly  never  systematically. 

A  plantation  well  established  and  cultivated  is  good  for  an  indefi- 
nite period,  say  fifteen  or  twenty  years.  Should  plants  in  various 
portions  of  the  field  die  for  some  reason,  it  is  a  very  simple  matter  to 
establish  new  ones  when  the  crop  is  on  the  ground.  All  that  is  neces- 
sary is  to  cut  off  a  joint  and  put  it  in  the  proper  place  fiat  on  the 
ground. 

CTTLnVATIOM. 

Upon  the  subject  of  cultivation  little  need  be  said.  The  ground  to 
receive  the  cuttings  should  be  well  and  deeply  prepared,  and  subse- 
quent cultivation  should  probably  be  shallow,  for  the  plants  are  shal- 
low rooted.  There  are  no  cultivators  known  which  are  exactly  suited 
to  this  crop.  In  the  experimental  work  described  in  these  pages  an 
ordinary  one-horse  spike-tooth  cultivator  has  been  employed.  The 
objection  to  this  implement  is  that  the  framework  is  too  large,  inter- 
fering with  the  projecting  branches  of  the  plant,  and  also  it  is  not 
easily  regulated  as  to  depth.  Some  tool  of  the  nature  of  a  one-horse 
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sweep  which  could  be  regulated  so  as  not  to  go  into  the  ground  much 
more  than  2  inches  would  be  more  serviceable.  In  the  experimental 
plantation  it  has  been  the  endeavor  to  cultivate  just  enough  to 
keep  down  the  weeds  and  prevent  the  ground  from  baking.  To  keep 
down  the  weeds  thoroughly  it  has  been  necessary  to  go  through  the 
plantation  occasionally  with  a  hoe,  knocking  down  such  stray  weeds 
as  the  cultivator  did  not  reach. 

TIH£  07  HABVESTINQ. 

It  is  not  the  purpose  of  this  paper  to  attempt  to  say  how  often  it 
will  be  most  profitable  to  har\'est  crops  of  prickly  pear  from  estab- 
lished cultivated  plantations.  Experience  in  this  matter,  as  in  many 
others,  has  been  too  brief.  All  that  will  be  attempted  at  the  present 
time  is  to  state  what  can  be  done  with  one  definite  plan  of  cropping. 

Prickly  pear  has  been  considered  a  slow-growing  plant,  and  in- 
deed it  is  a  slow  grower  under  natural  conditions,  where  it  is  obliged 
to  compete  with  hardy  grasses  and  other  vegetation.  In  a  previous 
publication"  the  opinion  has  been  expressed  that  it  will  take  five 
years  to  produce  a  crop  on  uncultivated  lands  in  the  vicinity  of  Eagle 
Pass,  Tex.,  while  in  the  same  publication  estimates  made  by  ranch- 
ei-s  give  the  period  as  from  two  to  three  years.  There  appears  to  lie 
no  reason  at  present  for  changing  the  first  estimate  for  uncultivated 
lands,  while  it  has  been  demonstrated  that  a  crop  can  be  profitably 
harvested  in  two  years  in  cultivated  plantations.  \A^hether  a  pro- 
portionately greater  yield  can  be  secured  by  allowing  the  plants  to 
grow  three  or  four  years  has  not  been  determined,  but  a  j)aying  crop 
can  be  secured  at  the  end  of  the  second  year,  and  probably  can  be 
utilized  at  the  end  of  eighteen  months  to  good  advantage  if  plantings 
are  made  in  February  or  March.  The  first  harvesting  done  upon  the 
experimental  tract  was  two  years  after  planting.  As  shown  in  an- 
other place,  there  was  at  that  time  more  than  sufficient  roughage 
upon  an  acre  to  feed  two  cows  for  one  year. 

But  little  fruit  will  be  produced  the  fir,st  two  years,  but  quite  a 
lai^e  crop  will  usually  Ire  secured  the  third  year. 

KETHOD  or  HABVESTIITQ. 

The  different  methods  of  preparing  i)rickly  jwar  for  the  use  of 
stock  have  been  sufficiently  discussed  in  other  publications*  and 
need  not  be  repeated  here. 

In  the  singeing  process  economy  depends  largely  upon  the  dispo- 
sition of  the  plants.     In  the  case  of  natural  gi-owth  nnich  time  is 

■  BnlletlD  No.  74,  Rureaii  of  Plant  Industry,  "'  The  Prickly  I'eur  and  OtUer 
Cacti  as  Pood  for  Stock,"  1905. 

>  ERpeclally  In  Bnlletln  No.  74  of  the  Bureau  of  Plant  Industry,  pi>.  12-20. 
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consomed  in  walking  from  one  plant  to  another,  because  the  plants 
are  usually  scattered  over  (he  field.  Systematic  planting  economizes 
both  time  and  fuel. 

In  the  harvesting  which  has  been  done' thus  far  upon  the  experi- 
mental plantations  the  torch  has  been  used  on  standing  plants,  and 
cattle  have  then  been  turned  on  to  graze  them  (PI.  II,  figs.  1  and  2). 
Others  have  been  cut  down  and  hauled  out- of  the  field.  This  work 
was  done  in  the  spring  of  1907.  ■  In  the  autumn  of  the  same  season 
little,  if  any,  difference  could  be  noticed  between  the  growth  made  by 
the  plants  harvested  by  the  two  methods.  Those  plants  grazed  by 
the  cattle,  however,  were  left  in  a  very  ragge'd  condition  and  conse- 
quently did  not  present  so  good  an  appearance.  So  far  as  growth  is 
concerned,  however,  it  must  be  admitted  that  grazed  pear  was  nearly, 
if  not  quite,  as  good  as  that  which  was  cut  down  and  hauled  off. 

There  are  several  methods  of  harvesting  open  to  the  grower,  two 
of  which  have  been  mentioned  here.  Be.sides  these  methods  the 
plants  may  be  cut  down  before  singeing,  and,  if  desired,  two  rows 
may  be  cut  into  one  center.  The  plants  as  they  lie  on  the  ground 
may  then  i)e  singed.  Again  the  plants  m^y  be  singed  as  they  stand  in 
the  row  and  then  cut  down,  the  cattle  being  allowed  to  graze  them 
where  they  fall.  It  is  quit«  possible  that  the  best  method  is  the  last 
mentioned. 

The  singeing  is  done  by  pointing  the  blast  flame  downward  in  the 
center  of  the  plant,  because  in  this  way  the  maximum  surface  is 
covered  at  one  time  by  the  flame.  Afterwards  the  outer  joints  will 
be  touched  by  the  blast.  These  processes  can  easily  be  regulated  so 
as  to  interfere  but  very  little  with  the  stump  which  is  to  be  left  stand- 
ing. After  the  singeing  the  plants  can  be  ciit  down  and  grazed  where 
they  fall.  This  will  avoid  leaving  the  stems  partially  chewed  and 
macerated,  in  which  condition  they  are  more  likely  to  decay  and 
result  in  injury  to  subsequent  growth.  Of  course  the  plants  can  be  cut 
down  before  singeing,  but  the  burning  can  not  be  done  so  advanta- 
geously after  the  plants  are  felled.  When  standing,  both  sides  of  the 
joints,  which  are  in  a  more  or  less  upright  position,  can  be  easily 
reached  with  the  flame,  while  when  felled  the  lower  side  in  contact 
with  the  ground  can  not  be  so  easily  singe<l.  The  two  most  impor- 
tant requirements  are  economy  of  time  and  fuel  and  protection  of  the 
stumps  which  are  to  produce  futis^  growth.  These  requirements 
should  be  home  in  mind  constantly.  Any  process  which  economizes 
time  and  fuel  and  does  not  injure  the  stem  is  the  one  to  use.  It 
seems  to  the  writer  that  singeing  and  then  cutting  the  plants  down  to 
be  grazed  where  they  fall  accomplishes  this  result  best. 

In  soine  instances  in  the  experimental  investigations  the  har%'esting 
has  been  close,  leaving  nothing  of  the  old  plant  but  the  original  cut- 
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ting.  In  other  casein  the  harvesting  hai^  been  done  so  as  to  leave  all 
the  joints  directly  attached  to  the  original  cutting.  The  latter  plan 
leaves  a  stump  of  two  to  four  joints.  If  the  plant  was  establLshed 
from  a  cutting  laid  on  the  surface  of  the  ground,  a  large  base  and  a 
good  surface  for  future  growth  to  spring  from  will  be  secured. 
There  is  no  doubt  that  a  lai^e  stump  of  this  kind  is  an  advantage; 
neither  is  there  much  doubt  that  these  old  stumps  will  produce  a  much 
heavier  yield  for  the  second  biennial  crop  than  is  produced  from  the 
freshly  established  cuttings  for  the  first  crop.  A  considerably 
heavier  growth  was  secured  during  the  sea.son  of  1907  from  plants 
having  a  stump  of  three  or  four  joints  from  which  to  develop. 

VABIETIES  TO  PIiAHT. 

In  the  southern  Texas  region  there  are  several  native  varieties  of 
prickly  pear,  but  in  each  locality  there  is  usually  one  variety  which 
predominates.  The  very  fact  that  it  does  predominate  is  fairly 
good  proof  of  its  superior  value  for  thnt  locality. 

In  the  vicinity  of  San  Antonio  the  predominating  variety  is  the 
typical  form  of  Opuntia  lindheimei-i  Englm.,  and  this  is  the  one 
which  is  considered  the  best  of  all  the  forms  for  cultivation  in  this 
immediate  locality.  Before  any  plantings  were  made  upon  the  ex- 
perimental tract  a  careful  examination  was  made  of  the  varieties  in 
the  neighborhood,  and  this  one  selected  is  the  most  promising.  Subse- 
quent results — for  other  varieties  were  also  planted  for  comparison — 
confirmed  the  fii-st  judgment.  There  is  no  question  that  this  is  the 
most  valuable  of  all  the  forms  and  species  used.  It  has  prominent 
and  formidable  spines,  which  turn  white  toward  the  end  of  the  first 
seasons  growth,  and  abundant  light  golden  spicules."  Another 
native  variety  with  a  trifle  darker  color,  less  formidable  spines,  and 
brown  spicules  has  also  made  nearly  as  good  growth  and  a  much 
heavier  crop  of  fruit.  This  may  prove  valuable.  From  150  to  200 
varieties  have  been  planted.  On  the  whole,  none  is  to  be  recom- 
mended above  the  spiny  native  just  mentioned.  Some  of  the  vari- 
eties planted,  however,  ha\'e  characters  which  are  decidedly  ad- 
vantageous. 

One  cultivated  spiny  form  secured  farther  south  is  very  promising 
for  breeding  purposes.  It  has  withstood  the  climate  the  first  two 
winters  v«ry  well,  but  should  another  winter  like  1904-5  occur  it  is 
certain  to  suffer  badly,  for  it  was  cut  back  very  severely  then  in  the 
locality  where  secured.  The  spines  on  this  one  are  not  as  formidable 
lis  on  the  native  form  that  is  being  grown,  and  the  spicules  are  almost 

"  See  Biiltetln  Xo.  91.  Burenu  of  ADlmal  Industry,  1906,  pp.  9-11,  for  further 

nntea  on  this  specleH. 
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entirely  absent  on  the  joints.  This  variety  has  made  a  growth  at  the 
rate  of  not  less  than  55  tons  to  the  acre  per  annum  during  the  past 
two  years. 

The  prospective  planter  should  study  the  plants  in  his  locality 
carefully  before  planting.  He  should  select  that  form  which  makes 
the  largest  and  most  rapid,  clean  growth,  and  from  that  variety  he 
should  choose  the  most  healthy  plants.  Selection  should  be  mnde 
fii-st  for  vigor  and  second  with  reference  to  the  habit  of  the  pltint. 
In  southern  Texa.s  those  forms  growing  most  erect  are  to  be  pre- 
ferred. In  no  cas«  should  n  low,  prostrate,  or  sprangling  form  be 
used.  As  compact  a  growth  as  possible  is  desirable  on  account  of  the 
jtreater  ease  with  which  such  forms  iire  singed  iind  cultivated.  An 
open-branching,  low  habit  of  growtli  renders  the  operation  of  culti- 
vation veiT  difficult  on  account  of  the  interferenco  of  the  brandies 
with  the  animals  and  the  machinery  use<l  in  cultivation. 

COST  OF  Pi.AimNa. 

During  the  spring  of  1907  a  careful  i"ecord  was  kept  of  the  cost 
of  planting  6  acres  of  prickly  pear  upon  the  experimental  plots. 
Owing  to  the  requirements  of  the  farm,  men  could  not  be  employed 
regularly  for  full  days  on  the  planting  and  preparation  of  the 
ground,  but  so  far  as  the  value  of  the  record  goes  it  is  considered  that 
nothing  is  lost,  for  the  time  has  been  kept  in  hours  for  man  and  team. 

The  ground  selected  had  never  been  plowed.  It  was  in  native 
gra.ss,  closely  pastureil  for  several  years,  and  had  been  grubbed 
nearly  clean  of  mesquite  and  other  brush  years  ago.  Tlie  greater 
part  of  the  plowing  and  harrowing  was  done  at  odd  times  between 
the  1st  of  Januarj'  and  the  1st  of  March.  The  season  being  very 
dry  considerable  difficulty  was  experienced  in  getting  the  soil  well 
pulverized,  and  even  the  plowing  was  done  with. much  difficulty. 

The  stock  used  for  planting  was  secured  from  various  local  sources, 
ranging  from  close  by  to  2  miles  distant.  The  greater  part  of  the 
stock,  although  it  was  practically  all  of  the  same  variety,  was  hauled 
from  a  neighboring  ranch  2  miles  away.  Some  was  cut  from  a 
pasture  about  half  a  mile  distant,  and  about  four  loads  from  a 
smaller  experimental  tract  planted  two  years  ago  contiguous  to  the 
present  field. 

The  time  employed  in  the  various  planting  operations,  exclusive  of 
the  preparation  of  the  ground  (plowing  and  harrowing),  was  as 
follows : 

One  rnnn  and  team  hauling  Btock  (6  acres) SO 

One  man  and  team  marking  (G  ncren)  niiil  covering  (•'!  iiereH) 14 

One  man  distributing  ciittinfni  <6  acres) r>4 

The  laborers  used  in  hauling  were  negroes  and  Mexicans,  and  the 
time  was  not  employed  to  good  advantage.     It  will  l>e  seen  from  the 
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above  statement  that  the  heaviest  item  of  exjiense  was  for  hauling 
the  stock  for  planting,  which  ought  to  have  been  done,  even  under 
the  disadvantages  of  distance,  much  cheaper. 

Assuming  the  value  of  a  man  and  a  team  at  $3  and  a  man  at  $1  a 
day  of  ten  hours,  the  cost  of  planting  an  acre  after  the  ground  is 
prepared  is  a  little  less  than  $6.  If  it  is  assumed  that  the  value  of 
the  preparation  for  planting  is  $3  an  acre,  then  it  costs  aboiit  $0  an 
acre  to  get  the  cuttings  planted.  With  good  labor  advantageously 
employed  this  expense  could  doubtless  be  reduced  to  $6  or  $7  an 
acre,  but  even  at  $9  the  operation  is  not  expensive  when  it  is  consid- 
ered that  a  plantation  is  probably  good  for  fifteen  or  twenty  years 
and  that  subsequent  planting  or  establishing  plants  is  a  simple  mutter 
when  the  material  is  on  the  ground  and  all  that  is  necessary  to  estab- 
lish a  new  plant  is  to  lay  a  joint  in  firm  contact  with  the  soil, 

SPINBLESB  COHPAKES  WITH  SPUTT  SPECIES. 

Much  emphasis  has  been  placed  of  late,  especially  in  popular  writ- 
ings, upon  the  great  advantages  of  spineless  prickly  pears.  The 
spines  of  these  plants  leave  an  unpleasant  memory.  They  are  diili- 
cult  to  handle,  and  the  novice  usually  can  not  conceive  how  the 
plants  can  be  utilized  at  all  on  account  of  their  formidable  armament. 
It  naturally  follows  that  if  spineless  forms  can  be  substituted  the  last 
objection  to  them  has  been  removed.  They  could  then  be  handled  with 
bare  hands,  and  eaten  as  they  grow  by  all  kinds  of  live  stock.  So 
firmly  is  the  "spineless  cactus"  idea  established  in  the  public,  mind 
that  much  talk  has  been  made  about  establishing  such  forms,  even  on 
the  deserts,  supplanting  the  native  forms  and  producing  an  abun- 
dance of  forage  for  live  stock — this  to  be  utilized  without  the  singe- 
ing process  to  which  the  native  spiny  forms  must  be  subjected. 

"While  such  ideas  are  very  interesting  and  attractive,  there  are 
many  practical  considerations  which  must  be  taken  into  account. 
Of  course^  the  expeiience  of  the  writer  is  as  yet  meager,  these 
experiments  having  been  carried  on  only  about  four  years.  How- 
ever, observation,  together  with  three  or  four  years'  experimental 
evidence,  while  not  conclusive,  points  strongly  to  certain  conclusions 
which  are  not  at  all  favorable  to  spineless  forms  for  southern  Texas, 
for  tile  immediate  future  at  least. 

Thus  far  no  spineless  forms  have  been  found  which  are  hardy 
under  the  conditions  existing  at  San  Antoni<i,  The  writer  has 
secured  ten  or  twelve  spineless  forms  from  Mexico,  and  the  OiRce. 
of  Seed  and  Plant  Introduction  of  the  Bureau  of  Plant  Industry 
has  imported  for  investigations  as  many  more  from  Hawaii,  south- 
ern Europe,  and  northern  Africa,  all  of  which  have  been  planted 
and  well  cared  for.     All  that  are  left  of  these  spineless  forms  at  the 
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present  time  are  such  individual  plants  as  have  been  protected  dur- 
injr  the  winter.  There  are  a  few  nearly  spineless  forms  here  and 
there  in  southern  Texas,  but  so  far  as  has  been  observed  none  of 
them  are  quite  hardy.  They  live  thronph  one  or  two  winters  all 
ripht,  but  may  be  frozen  down  badly  the  third  winter.  The  nearest 
approach  to  hardiness  that  has  been  seen  is  in  the  city  of  Laredo, 
Tex,  There  are  here  a  few  plants  (nearly  spineless)  which  often 
pass  the  winter  uninjured,  but  they  were  frozen  to  sucli  an  extent  in 
Febniaiy.  1904,  that  not  less  than  one-half  of  the  joints  broke  off- 
Even  these  are  not  hardy  upon  the  plantation  at  San  Antonio  and 
probably  would  suffer  nearly  every  winter  at  Laredo  were  the  plants 
there  not  protected  by  surrounding  buildings. 

T^ack  of  hardiness  renders  the  spineless  fr>rnis  of  no  economic 
value  at  the  present  time  in  southern  Texas.  If  they  can  not  with- 
stand the  winter  temperature  it  is  of  course  useless  to  plant  them. 
But  while  this  is  true  it  is  not  at  all  improbable  that  these  smooth 
forms  may  in  time  become  very  imixirtant  and  possibly  entirely 
supplant  in  culture  those  forms  which  are  now  being  grown.  The 
brinpinp  about  of  such  a  condition  is,  however,  a  long  and  tedious 
process  which  will  involve  years  of  breeding  in  which  the  fanner 
can  usually  take  little  or  no  part.  Work  along  this  line  is  now  being 
conducted  for  the  benefit  and  use  of  the  future,  but  present  rcmilts 
mu»t  he  sefnired  from  spiny  natives.  Of  course,  in  experimental 
work  sight  is  not  lost  of  the  fact  that  economic  conditions  may 
change  in  the  future  so  that  it  will  be  advisable  to  have  spineless 
forms,  but  the  whole  question  is  one  of  production.  If  spineless 
forms  which  are  "hardy  and  which  will  produce  more  feed  than 
spiny  species  which  are  now  being  grown  can  be  evolved  they  will 
be  valiinble  in  proportion  to  the  excess  of  feed  which  they  will  pro- 
duce. This  is  as  yet  a  purely  experimental  field,  but  the  .spiny  native 
varieties. have  been  proved  to  \»e  valuable. 

Aside  from  lack  of  hardiness,  the  spineless  prickly  pears  have 
other  disadvantages.  Wherever  grown  they  have  to  be  fencetl.  It 
will  be  obviously  impossible  to  grow  them  in  uncultivated  pastures, 
even  in  regions  where  they  are  hardy,  for  they  would  be  grazwl  ton 
closely,  if  not  exterminated  in  a  very  short  while.  Fences  are  expen- 
sive. Unless  the  area  planted  to  these  forms  were  very  large,  which 
it  could  not  be  for  some  time,  a  rabbit-proof  fence  would  be  re- 
quired. This  sort  of  fence  has  been  found  necessary  in  order  to 
protect  the  varietal  plantings  made  by  the  Bureau  of  Plant  Industry 
at  San  Antonio.  Spineless  forms  would  be  seA'erely  injured  by  rab- 
bits, gophers,  and  rats.  The  latter  often  do  considerable  injury  to 
the  spiny  native  plants,  but  the  spineless  forms  would  suffer  very 
severely. .  A  planting  of  about  a  hundred  cuttings  of  imported  varie- 
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ties,  not  all  spiuelpss,'was  completely  destroyed  in  n  fortnight  by 
rabbits  in  southern  Arizona  two  years  apo.  When  a  large  acreage 
is  planted  the  danger  from  these  pests  will  not,  of  course,  be  so  seri- 
ously felt,  but  it  will  be  many  years  before  any  extended  plantings  of 
spineless  fonns  can  be  made.  There  is  not  enough  stock  of  spineless 
prickly  pears  in  this  country  at  the  present  time  to  plant  5  acres  if  it 
were  all  gathered  into  one  place. 

A  plantation  of  spineless  prickly  pear  would  not  only  have  to  be 
fenced,  but  stock  could  not  be  allowed  to  enter  the  field  at  any  time 
of  the  year,  for  they  would  trample  over  the  entire  field,  knocking 
down  plants  hither  and  yon  and  causing  an  unwarranted  waste. 
All  of  the  crop  would  have  to  be  harvested,  loaded  on  wagons,  and 
hauled  to  another  lot  to  be  fed.  Remembering  that  100  pounds  a 
day  will  be  eaten  by  an  average  cow,  it  will  be  seen  that  this 
procedure  will  mean  considerable  expense.  In  a  100-cow  dairy 
it  will  mean  the  moving  of  5  tons  of  material  for  feed  each  day. 
besides  the  removal  of  the  manure.  On  the  other  hand,  the  spiny 
forms,  singed  and  fed  where  they  stand,  obviate  this  expensive  han- 
dling and  cause  the  manure  for  100  cows  to  be  distributed  each  day 
on  about  one-fifteenth  of  an  acre — by  no  means  a  small  item  in  main- 
taining fertility.  With  spiny  forms  the  number  of  plants  fed  or 
grazed  each  day  is  absolutely  witliin  the  control  of  the  rancher,  even 
though  stock  is  allowed  in  the  field  all  of  the  time. 

So  far  as  southern  Te.^tas  is  concerned  the  advantages  of  the  spine- 
less and  spiny  prickly  pears  concerning  which  we  have  any  knowl- 
edge may  be  summed  up  as  follows: 

AdvantagFn  of  gping  nattve  fwtm. 

1.  Tliey  are  liardy. 

2.  They  do  not  require  feiiclnR. 

3.  Thpy  are  Injured  but  little  by  wild 

a  111  ma  In. 

4.  TUey  require  n  nitnlniiim  of  Imn- 

dlhiR. 

5.  Tbey    accoinpllsli    the    (llstrllndloii 

of  tlic  tuntiiire  (liirliiK  the  diiy. 

QUAMTITT  OP  FEED  PBODTrCED  BY  PBICKLT  PEARS 
Our  knowledge  of  the  yield  of  prickly  pear,  either  inider  natnral 
or  cultivated  conditions,  is  as  yet  quite  imperfect,  and  the  state- 
ments made  herein  with  refei-ence  lo  yields  are  made  with  such 
reservation  as  is  consistent  with  the  meagemess  of  the  evidence. 
However,  it  is  believed  that  all  computations  in  whatever  manner 
made  are  exceedingly  conservative,  and  underestimate  rather  than 
overestimate  in  every  case  what  may  be  secured  from  a  cultivated 
crop  of  prickly  pears.  DntzedbvOoOQlc 


Ailvantiigi'"  "/  "iiinetmn  forma. 
.  They  do  not  require  aiiiKelnc. 
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The  fii'st  plftntiogs  at  San  Antonio,  and,  indeed,  the  first  attempt 
ever  made  in  this  country  to  cultivate  this  plant  as  food  for  stock 
so  far  as  the  writer  is  aware,  occurred  in  February,  i905.  A  plot 
of  ground  416  feet  long  and  208  feet  wide  (2  acres)  was  secured 
under  lease  the  preceding  winter.  Half  of  this  area  was  plowed 
and  put  in  a  good  state  of  cultivation,  the  other  half  being  left  in 
the  condition  in  which  it  was  found,  i.  e.,  in  native  sod,  with  all 
brush  removed.  One  half  of  the  cultivated  portion  {one-half  acre) 
was  reserved  for  varietal  plantings  and  the  other  half  was  planted 
to  three  or  four  varieties  of  native  species,  the  typical  Opuntia  Und- 
heimeri  predominating  over  all  others.  The  whole  area  was  laid  off 
into  6-foot  rows,  numbered  1  to  69,  and  all  plantings  have  been 
made  on  this  plan,  variation  being  made  in  the  distance  apart  of  the 
plantings  in  the  row  only. 

Early  in  March,  1907,  when  the  plantation  was  2  years  old,  the 
first  harvesting  was  made.  No  weights  were  obtained  except  on  a 
small  scale — too  small,  in  fact,  to  make  a  reliable  record,  and  conse- 
quently need  not  be  reported  upon  here.  In  one  instance  75  head  of 
stock  were  turned  in  to  graze  off  two  rows  which  had  been  singed.  As 
nearly  as  could  be  estimated  this  number  of  cows  got  from  this  small 
area  a  full  day's  ration  of  roughage.  There  were  .some  young  cows 
among  them,  and  some  which  did  not  eat  pear  as  freely  as  they  should, 
but  nevertheless  they  had  been  fed  prickly  pear  regularly  all  the  win- 
ter and  were  still  receiving  it  daily.  Accepting  the  above  as  the 
measure  of  the  biennial  production  of  forage  of  this  plant  under  cul- 
tivation, it  will  readily  be  appreciated  that  at  this  rate  2  acres  of  this 
crop  would,  roughly,  supply  roughage  for  76  cows  for  one  month, 
and  25  acres  would,  roughly,  supply  their  needs  for  one  year,  but  as  it 
took  two  years  to  grow  this  crop,  on  this  basis  it  would  require  only  TiO 
acres  to  furnish  rough  feed  for  75  cows  continuously.  It  is  recognized 
that  this  is  a  very  crude  and  imperfect  estimate  of  production,  but  it 
is,  nevertheless,  instructive  when  taken  in  connection  with  what  the 
eye  can  see  of  the  2-year-old  crop  shown  in  Plate  II,  figure  4.  In  or- 
der to  put  the  matter  very  conservatively,  suppose  this  area  was  in- 
creased 50  per  cent ;  this  would  mean  that  7.'»  acres  would  furnish  7.5 
cows  with  continuous  roughage.  This  is  still  a  production  equaled 
by  that  of  few  areas  in  the  country.  This  quantity  was  produced 
during  one  very  favorable  and  one  very  unfavorable  season  and 
probably  represents  about  the  average  crop. 

More  definite  data  upon  production  were  secured  early  in  October, 
1907,  when  the  plantation  was  31  months  old.  At  this  time  two  rows 
were  selected  near  the  east  side  of  the  native  plantings  on  cultivated 
ground  because  they  were  thought  to  l>e  typical  of  the  half  acre  of 
the  cultivated  native  Opvntia  Undheimeri.     These  rows  were  har- 


^d  by  Google 


Hi  THE   PRICKLT   PEAB  AS   A  PABM   CROP. 

vested  down  to  the  original  cutting  and  weighed.  These  two  rows, 
numbered  20  and  21  in  the  records,  yielded  8,518  pounds.  Rows  35 
and  36  were  then  harvested,  and  weighed  in  the  same  manner.  Bow 
36  was  considered  the  poorest  in  the  area.  This  was  in  part  due  to 
its  being  in  close  proximity  to  uncultivated  ground  and  m  lesser  part 
to  the  ravages  of  the  red  spider.  These  rows  were  taken  in  order  to 
be  certain  not  to  overestimate  the  production.  These  two  rows 
yielded  7^69  pounds.  On  the  four  rows,  therefore,  there  were  pro- 
duced 15,787  pounds.  The  area  occupied  by  them  measures  three, 
twenty-sixths  of  an  acre.  The  yield  to  the  acre,  consequently,  was 
13C,S20  pounds,  or  6S§  tons.  On  account  of  the  time  of  the  year  at 
which  the  measurements  were  made  it  is  rather  difficult  to  reduce 
this  thirty-one  months'  growth  into  yearly  terms,  but  if  it  is  assumed 
that  three  years'  growth  was  secured  an  average  yearly  production  of 
22J  tons  of  green,  succulent  forage  is  shown. 

This  estimate  of  the  average  growth  per  annum  of  22J  tons  is  cer- 
tainly conservative.  It  is  evident  that  the  growing  season  is  not 
closed  the  1st  of  October,  but,  on  the  other  hand,  that  a  very  decided 
increa.se  will  occur  between  that  time  and  February.  Again,  the 
measurements  were  made  at  the  close  of  a  long  dry  season.  It  is  quite 
certain  that  the  growth  for  the  remaining  five  months,  together  with 
the  water  absorption  of  the  humid  winter  season,  would  be  expressed 
by  tons  to  the  acre.  Besides  this  growth  of  plant  body,  there  was 
produced  during  the  third  growing  season  between  4  and  5  tons  of 
fruit  to  the  acre.  This  fruit  is  greatly  relished  by  horses,  cattle, 
sheep,  and  swine,  and  is  harvested  by  them  without  assistance  and 
without  injury  to  the  plants. 

Tn  feeding  dairy  cattle"  at  San  Antonio  it  was  found  that  a  com- 
plete roughage  ration  of  prickly  pear  consisted  of  about  140  pounds 
for  each  cow  daily.  In  feeding  steers  for  market  at  Encinal,  Tex,,  an 
average  of  about  75  pounds  was  eaten  daily  by  each  steer.  These 
figures  would  indicate  that  100  pounds  is  about  what  the  average  ani- 
mal will  eat  in  a  day.  But  the  yields  previously  stated  show  that 
sufficient  roughage  is  grown  here  on  an  acre  for  about  one  and  one- 
fourth  animals. 

Any  way  it  is  figured,  roughage  of  prickly  pear  for  one  mature 
bovine  animal  on  an  acre  seems  to  be  a  very  conservative  estimate. 

CULTIVATION   ANU   NONCDITIVATION. 

At  the  same  time  that  estimates  were  made  of  the  rate  of  growth 
on  cultivated  ground  rows  37  and  38  were  harvested.  These  were 
grown  without  cultivation.    As  stated  elsewhere,  a  furrow  was  opened 
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in  the  native  sod,  the  joints  laid  against  the  land  side,  and  the  dirt 
pulled  back  over  their  bases.  The  growth  of  penr  on  these  two  rows 
in  thirty-dne  months  weighed  980  pound».  This  is  at  the  rate  of 
8.49  tons  to  the  acre.  Reducing  this  to  terms  of  annual  growth  in  the 
same  manner  as  was  done  in  the  other  case,  we  have  2.83  tons  to  rep- 
resent the  growth  per  annum  upon- uncultivated  ground;  in  other 
words,  eight  times  as  much  forage  was  produced  under  cultivation. 
(See  PI.  I,  fig.  1.) 

The  method  of  planting  insured  the  rooting  of  the  cuttings  prac- 
tically the  same  upon  uncultivated  as  upon  cultivated  land.  Practi- 
cally every  cutting  in  either  situation  rooted  and  grew  through  the 
period  specified. 

It  should  be  not«d  that  the  plantation  is  under  fence.  Tile 
prickly  pear  iipon  the  uncultivated  ground,  therefore,  had  to  com- 
pete with  its  full  complement  of  gras.s  growth.  It  would  have 
made  a  greater  gain  if  the  grasses  were  grazed  off,  as  they  commonly 
are  in  the  native  pastures  of  the  region.  The  figures  showing  the 
relation  of  the  pro<luction  imder  the  two  conditions  are  conse- 
quently not  comparable  with  what  would  take  place  in  pasture- 
grown  pear.  Indeed,  the  growth  in  Mr.  Sinclair's  pastures  just 
outside  of  our  fence  was  very  much  greater  than  that  upon  our 
uncultivated  area.  This  furnish&s  a  very  strong  suggestion  ns  to 
the  cause  of  the  increase  of  prickly  pear  in  some  sections  of  south- 
ern Texas  since  its  occupation  and  settlement.  Formerly,  when 
grasses  were  not  grazed  so  closely,  they  were  stronger  competitors  of 
the  prickly  pears  than  they  are  now  and  were  able  to  keep  it  in 
check.  Overgrazing,  coupled  with  the  prevention  of  fires,  is  doubt- 
less responsible  for  the  excessive  growth  of  prickly  pear  in  some 
sections  of  the  region.  On  the  other  hand,  the  rapid  increase  of 
mesquite  and  other  brush  tends  to  check  the  growth  of  the  pear,  for 
it  does  not  thrive  in  the  shade. 

SOUS  BFFECT8  OF  CTTLTIVATIOH. 

During  the  year  1907  the  drought  from  June  to  October  1  was 
much  more  pronounced  than  the  average  for  this  section.  The 
prickly  pear  in  the  pastures  surrounding  the  experimental  plantings, 
as  a  consequence,  was  suffering  considerably  by  the  1st  of  October. 
Nearly  all  of  it  was  somewhat  shriveled,  and  in  a  few  instances  the 
color  had  begim  to  change,  showing  tlie  beginning  of  interference 
with  metabolism.  Upon  the  cultivated  area,  on  the  contrarj'.  the 
long  period  with  little  precipitation  had  no  apparent  effect.  AH 
plants  were  thrifty  and  vigorous.  It  is  believed  that  no  particular 
injury  would  have  resulted  if  no  rain  had  occurred  for  another  three 
months. 
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The  effect  of  cultivation  upon  the  development  of  spines  is  natu- 
rally, of  some  interest,  and  since  the  writer  has' often  been  questioned 
regarding  the  comparative  spininess  of  cultivated  and  uncultivated 
plants,  a  few  remarks  upon  the  subject  are  made,  with,  however,  no 
attempt  at  any  generalization.  In  the  case  of  the  typical  form  of 
Opuntia  Undheimeri,  which  is  being  grown  in  the  experiments,  there 
is  a  decided  increase  in  spininess  under  cultivation.  Indeed,  the  en- 
tire plant  looks  somewhat  different  when  cultivated;  that  is,  a  plant 
under  favorable  conditions  is  just  as  different  from  a  plant  growing 
under  unfavorable  conditions  iu  this  species  as  in  the  common  culti- 
vated crops.  A  comparison  of  Plat©  II,  figure  3,  with  Plate  II,  figure 
4,  will  tell  better  than  words  what  the  differences  are.  The  first 
is  a  view  of  the  Poor 'plantation,  which,  although  planted  originally, 
is  in  a  practically  native  condition,  for  it  was  never  cultivated.  It 
will  be  readily  seen  that  the  spines  are  fewer  by  several  fold  upon  the 
uncultivated  plants.  No  quantitative  measurements  have  ever  been 
made,  and  consequently  only  general  statements  are  possible  at  this 
time. 

irSBS  OF  THE  CEOP. 

A  more  or  less  complete  discussion  of  the  uses  to  which  prickly 
pear  is  put  will  be  found  in  Bulletin  No.  74  of  this  series,  and  a 
further  discussion  of  the  value  of  the  crop  is  contained  in  Bulletin 
No.  91  of  the  Bureau  of  Animal  Industry  of  this  Department. 

The  crop  appears  especially  adapted  to  dairy  purposes  because  of 
the  comparative  ease  with  which  the  ration  can  be  balanced  by  the 
addition  of  concentrates,  which  are  used  with  all  roughage  in  this 
region.  The  succulence  appears  to  be  a  decided  advantage,  and  of 
course  can  be  obtained  at  any  time  of  the  year  if  the  plants  are 
grazed  where  standing  or  are  harvested  as  fed.  The  importance^  of 
this  can  not  be  overestimated,  for  it  applies  to  all  seasons  of  the  year, 
and  oftentimes  green  feed  for  dairy  cattle  is  as  difficult  to  secure  in 
the  summer  as  in  the  winter.  There  is  an  impression  in  some  sections 
that  this  feed  can  not  be  used  after  the  new  growth  starts  in  the 
spring,  but  this  is  entirely  disproved  by  the  practices  of  several 
ranchers  who  have  used  it  at  all  seasons  of  the  year  with  good  re- 
sults. Of  course  there  is  a  period  during  which  the  young  growth 
will  not  be  eaten  on  account  of  its  being  distasteful  to  animals,*  and 
this  growth  will  therefore  be  wasted  at  that  time,  but  there  is  no 
season  of  the  year  when  pear  will  not  be  readily  eaten,  especially 
if  other  feeds  are  short  or  dry.   * 

It  is  very  probable  that  the  crop  can  also  be  used  successfully  for 
the  production  of  baby  beef,  as  has  been  suggested  by  Mr.  Sinclair, 

"  See  BnlleUD  No.  81,  Bureau  oi  Animal  Industry,  IflOG,  p.  17. 
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who  has  fed  pear  with  as  great  success  as  anyone  in  southern  Texas. 
This  regicm  has  been  a  favorite  breeding  ground  for  many  years,  and 
much  beef  is  constantly  prepared  for  market,  a  large  part  of  which  is 
accomplished  by  the  use  of  prickly  pear  at  some  stage  of  its  growth. 
The  great  drawback  in  any  beef  production — especially  in  the  pro- 
duction of  baby  beef — is  a  lack  of  continuity  of  feed.  An  abundance 
of  pasture  is  to  be  had  in  some  seasons,  but  in  other  seasons  it  is  too 
short  for  the  maintenance  of  a  steady  rapid  growth.  A  roughage 
like  this,  therefore,  which  can  be  utilized  at  any  season  and  is  a  sure 
crop,  fills  a  gap  not  filled  by  any  other. 

Prickly  pear  roughage  is  relished  by  nearly  all  kinds  of  live  stock. 
No  case  i.s  known  of  horses  being  fed  on  it,  but  other  classes  of  stock 
eat  it  readily.  Cattle,  sheep,  goats,  aiid  swine  relish  it,  and  even 
chickens  utilize  it  when  it  is  chopped  for  them.  Hogs  will  eat  even 
stumps  and  heavy  joints  that  cattle  leave. 

In  short,  it  can  be  said  that  prickly  pear  is  of  vastly  more  impor- 
tance in  southern  Texas  than  is  ordinarily  appreciated.  A  crop 
which  will  produce  twenty-odd  tons  of  roughage  to  the  acre  per  an- 
num with  a  degree  of  certainty  not  attained  by  any  other,  and  this 
readily  eaten  by  all  classes  of  live  stock,  is  not  to  be  disregarded  as 
an  important  farm  crop  even  if  it  has  been  looked  upon  as  some- 
thing of  a  nuisance  in  the  past. 

PBICKLT  PEAB  COMPABED  WITH  SOBOHUM. 

Upon  another  page  it  has  been  shown  that  22^  tons  of  prickly  pear 
can  be  grown  each  year  upon  the  gravelly-black-waxy  soils  of  the 
San  Antonio  region  of  Texas.  The  main  hay  crop  upon  the  ranch 
where  the  experiments  are  conducted  has  always  been  sorghum,  and 
since  the  experiments  were  started  this  has  been  placed  in  a  silo.  In 
the  season  of  1906  about  1  ton  of  silage  was  secured  to  the  acre,  and 
in  1907  about  2J  tons.     These  are  estimates  made  in  the  silo. 

In  feeding  tests  upon  the  ranch  in  1905  it  was  found  that  6  poimds 
of  prickly  pear  produced  the  same  results  in  feeding  dairy  cattle  as 
1  pound  of  dry  sorghum  hay."  If  1  ton  of  hay  is  assumed  to  be 
equivalent  in  feeding  value  to  3  tons  of  silage,  then  the  hay  produc- 
tion from  sorghum  has  been  on  an  average  for  the  past  two  years 
only  seven-twelfths  of  a  ton  to  the  acre  per  annum.  This  seven- 
twelfths  of  a  ton  of  hay,  assuming  the  relative  value  of  sorghum  hay 
to  prickly  pear  to  be  as  6  to  1,  is  equivalent  to  only  3^  tons  of  pear. 
In  other  words,  prickly  pear  has  produced  more  than  six  times  as 
much  roughage  during  the  past  two  years  as  sorghum.  Of  course, 
the  yield  of  sorghum  mentioned  here  is  abnormally  small,  but  sea- 
sons occur  every  now  and  then  in  this  region  when  crops  are  short, 

<>  See  BalletlD  No.  91,  Bareau  of  Animal  IndustiT,  1006,  p.  4. 
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iind  ivhile  they  may  be  assumed  to  be  at  the  lowest  point  of  produc- 
tion during  these  two  years  it  is  against  these  years  of  shortage  that 
it  is  necessary  to  provide. 

ElfEHZES  OF  THE  PBICBXT  PEAK. 

There  are  many  fungus  and  insect  enemies  of  the  prickly  pear, 
but  only  one  insect  and  one  fun^s  need  be  considered  in  this  place 
because  the  others  have  not  thus  far  given  Cause  for  any  appre- 
liension. 

The  black-spot  fungus  (Perisponum  wrightii)  is  first  found  as  a 
soft,  brownisli  area,  usually  more  or  less  circular,  on  any  portion  of 
the  joint.  This  soon  becomesjslack  and  rotten, and  later  dries  up  when 
the  ascogenous  bodies  appear  upon  the  epidermis.  Often  there  may 
be  a  dozen  of  these  spots  on  a  single  joint,  and  these  are  approxi- 
mately one-half  to  I  inch  in  diameter  usually  and  extend  clear 
through  the  joint.  When  but  one  or  two  occur  the  joint  may  re- 
cover, the  tissue  healing  up  around  the  diseased  portion,  when  the 
dried  diseased  tis-sue  falls  out,  leaving  a  notch  or  a  clear  circular 
opening  through  the  joint.  AVhen  the  diseased  spots  arc  numerous, 
the  plants  are  very  much  impoverished  and  the  joints  often  drop  off, 
the  healing  in  this  case  occurring  at  the  union  between  them. 

Fortunately  this  disease  appears  less  prevalent  iipon  plants  under 
cultivation.  In  February,  1905,  when  the  first  plantings  were  made, 
one  row,  208  feet  long,  was  planted  to  very  badly  diseased  pear  in 
order  to  study  the  behavior  of  the  disease.  There  are  at  present 
some  diseased  plants  upon  this  row,  and  many  of  the  cuttings  failed 
to  grow,  but  the  vast  majority  of  the  plants  have  overcome  the  dis- 
ease quite  perfectly.  It  is  much  more  common  on  some  varieties 
than  on  others,  and  the  badly  diseased  material  which  was  planted 
was  discovered  later  to  be  of  a  different  variety  from  that  which  it  is 
recommended  should  be  planted  in  the  vicinity  San  Antonio,  The 
typical  form  of  Opuntia  lindheimeri  which  is  recommended  is  much 
less  isubject  to  this  disease  than  some  of  the  other  native  forms.  It 
is  a  a)mmon  disease  in  many  species  of  prickly  pear  throughout  the 
pear  ivgion  from  Te.\as  to  the  city  of  Mexico. 

The  only  practical  remedy  is  to  feed  the  diseased  plants  and  propa- 
gate from  healthy  stock  only.  At  the  present  time  it  looks  as  though 
this  method  of  handling  would  reduce  the  injury  to  a  minimum. 
The  cultivated  area  referred  to,  except  where  diseased  pear  was 
planted,  is  quite  free  from  disease  now.  The  stock  was  carefully 
selected,  howe^■er,  and  there  appears  to  l)e  no  disease  on  either  the 
cultivated  or  uncultivated  areas. 

The  red  spider  {Tetranychus  opuniiae),  on  the  contrary,  is  more 
serions  upon  cultivated  than  upon  uncultivated  laml.    These  minute 
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animals  work  around  the  areoles  of  spines  and  spicules  first  und 
gradually  cover  the  entire  surface  of  the  joint.  After  they  have 
worked  on  the  pear,  a  yellowish  or  brownish  dead  callus  forms  over 
the  entire  surface.  This  cracks  in  places  and  there  is  often  a  consid- 
erable exudatifln  of  mucilage,  which,  although  white  iit  first,  finally 
turns  black.  The  plants  are  very  much  disfigured  by  this  mite, 
but  it  can  not  be  stated  at  present  just  how  much  real  injury  is  done, 
for  no  plants  have  been  observed  which  have  been  killed  by  it. 

It  may  be  difficult  for  the  uninitiated  to  recognize  what  the  trouble 
with  the  plants  really  is,  but  after  seeing  it  or  having  it  pointed  out 
it  can  not  be  overlooked,  for  the  diseased  condition  is  \'ery  character- 
istic. It  is  not  so  easy  to  find  the  mites,  however,  because  they  are 
very  small  and  at  times  nearly,  if  not  quite,  absent. 

Just  what  their  habits  are  during  the  season  has  not  been  worked 
out.  It  is  certain  that  they  were  abundant  in  March,  1907,  and  less 
abundant  in  the  autumn  of  the  same  year. 

The  Mexicans  are  very  familiar  with  this  diseased  condition,  but 
so  far  as  known  have  not  interpreted  the  cause.  Attention  has  been 
called  to  it  several  times  by  Mexican  ranchers,  who  deplored  its 
presence  and  expressed  the  opinion  that  it  might  in  time  entirely 
destroy  such  forms  as  nopal  amarillo,  naranchado,  chave^o,  and 
certain  forms  of  joconoxtlc.  While  these  fears  express  extreme 
views,  there  is  no  doubt  that  the  red  spider  is  a  pest  to  be  reckoned 
with.  However,  in  Mexico,  as  in  the  United  States,  the  greatest 
injury  is  done  when  plants  are  close  together  or  growing  intermin- 
gled with  other  shrubbery.  This  crowding  together  of  the  plants 
is  probably  the  cause  of  the  large  numbers  of  mites  which  developed 
in  our  cultivated  experimental  area, 

Experience  is  altogether  too  limited  yet  to  permit  much,  if  any- 
thing, to  be  said  with  any  certainty  about  this  injurious  insect. 
A  few  observations,  however,  may  be  of  interest.  These,  concisely 
tabulated,  are  as  follows : 

(1)  The-disease  occasioned  by  the  red  spider  has  long  been  known, 
but  its  cause  has  only  recently  been  determined. 

(2)  It  has  never  been  alarmingly  abundant  upon  the  uncultivated 
pear  in  southern  Texas. 

(3)  At  the  end  of  the  second  year  a  few  rod  spiders  appeared  in 
our  plantation.  ' 

(4)  During  the  third  season  these  mites  multiplied  rapidly  and  did 
considerable  injury  to  the  older  plantings. 

(5)  All  plants  harvested  in  any  manner  whatsoever  in  the  spring 
of  1907  were  uninjured  by  the  red  spider  during  the  season,  although 
some  of  them  were  badly  infested  when  harvested. 
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(6)  No  red  spiders  were  found  during  the  season  on  plantings 
made  in  the  spring  of  1907. 

(7)  The  red  spider  has  been  abundant  upon  thick  plantings  only, 
and  no  injury  has  be«n  done  any  of  the  plants  except  the  natives 
thus  far.  j 

{8)  Red  spiders  are  injurious  only  part  of  the  year.  In  1907  they 
were  abundant  in  March. 

(9)  Heavy  rain  washes  the  red  spiders  off  and  they  do  not  appear 
to  regain  possession  for  some  time,  but  just  how  long  has  not  been 
determined. 

(10)  Prickly  pear  having  red  spiders  on  it  is  eaten  as  readily  by 
live  stock  as  that  which  is  not  affected. 

The  above  observations  indicate  that  the  red  spider  can  be  kept  in 
check  by  feeding  such  areas  us  are  affected  as  they  appear.  The  fact 
that  the  crowding  together  of  the  plants  seems  to  increase  the  spread 
of  the  red  spiders  and  the  injury  done  may  influence  the  method  of 
planting. 

Another  malady  which  is  of  very  common  occurrence  can_probably 
be  discussed  here  as  well  as  elsewhere,  because  it  is  commonly  looked 
upon  as  a  disease.  This  occurs  some  time  in  the  spring  of  every 
year  at  San  Antonio.  It  is  a  condition  in  which  the  new  joints  of  the 
plant  drop  off  when  about  half  grown.  The  recovery  from  its  effects 
is  very  rapid,  but  of  course  the  growth  which  drops  off  is  lost. 

To  illustrate  the  extent  of  this  malady,  a  single  case  in  which  a 
quantitative  estimate  was  made  can  be  mentioned.  About  the  mid- 
dle of  May,  1905.  a  largeplant  harvested  during  the  winter  of  1903-4 
had  just  recovered  from  the  effects  of  this  malady.  It  had  made  a 
splendid  growth  the  previous  season  and  had  started  \igoroiisly 
again  when  the  joints  began  to  drop  off.  At  the  time  referred  to 
most  of  the  fallen  joints  were  completely  dried.  Fifty-two  of  them 
were  lying  at  the  base  of  the  plant,  while  eleven  more  were  par- 
tially injured.  In  spit«  of  this,  the  plant  had  completely  recovered 
and  was  then  supporting,  besides  the  eleven  somewhat  injured  joints 
still  clinging  to  it,  fifty-eight  perfectly  sound  and  normal  ones. 
A^'hat  proportion  of  the  latter  started  after  the  falling  of  the  first 
crop  of  joints  can  not  be  stated,  but  probably  nearly  all  of  them. 
This  was  a  large,  vigorous  plant  (second  growth)  from  an  old  stump 
harvested  several  times,  and  probably  represents  an  extreme  case,  but 
it  is  not  uncommon  for  one-half  to  two-thirds  of  the  first  crop  of 
joints  to  be  lost  in  this  way  at  San  Antonio. 

The  exact  cause  of  this  i)flrticular  phenomenon  has  not  been 
demonstrated,  but  it  appears  to  be  due  to  neither  fungous  nor  insect 
enemy,  but,  on  the  contrary,  to  be  purely  climatic.  Observations 
.seem  to  indicate  that  the  falling  of  the  joints  takes  place  some  time 
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after  a  cold  and  usually  a  moist  spell  of  weather  which  occurs  wheD 
the  joints  are  about  half  grown  and  while  they  are  thin  and  leathery, 
before  they  have  begun  to  swell  oiit  into  the  normal  shape  of  the 
mature  joint. 

In  1907  this  malady  was  at  ita  height  about  April  27.  At  this  time 
nearly  all  the  season's  growth  on  many  species  was  destroyed,  and 
in  some  none  remained.  In  others  shout  half  fell  off,  while  a  very 
few  varieties  were  uninjured.  The  native  Opuntia  lindheimeri  was 
n(rt  much  affected;  possibly  one-eighth  of  its  joints  were  injured, 
but  not  more  than  this.  All  varieties  recovered  speedily,  putting 
out  new  joints  in  a  short  time.  No  injury  was  done  to  the  previous 
year's  growth. 

While  often  a  large  part  of  the  growth  of  a  month  or  so  in  the 
spring  is  lost  in  this  way,  no  appr^ension  is  felt  regarding  the 
matter  in  respect  to  the  yield.  In  fact,  the  yields  which  are  re- 
ported elsewhere  in  this  paper  Rave  been  produced  each  year  in  spite 
of  this  malady. 

SUHMABT. 

These  experiments  in  planting  prickly  pear  as  a  farm  crop  have 
been  conducted  in  a  region  having  a  rainfall  ^■arying  from  15^ 
inches  to  40^  inches  a  year,  the  average  for  the  past  eighteen  years 
being  28f  inches,  but  this  rainfall  is  very  unevenly  distributed. 

The  absolute  minimum  temperature  for  the  locality  is  4°  F.,  but 
this  is  exceptionally  low,  having  occurred  but  once  in  eighteen  years. 
During  the  ten  years  ended  in  190.'J  there  was  only  one  year  which 
had  seven  days  with  a  minimum  below  22°  F.,  two  years  had  none 
lower  than  23°  F.,  while  the  others  had  from  one  to  six  days  during 
the  year  with  a  minimum  temperature  lower  than  22"  F. 

The  plants  are  most  advantageously  grown  from  single-joint  cut- 
tings, which  are  easily  prepared  by  cutting  up  all  of  a  full-grown 
plant  into  single  joints  with  a  spud  or  spade. 

Plants  should  be  established  about  2  feet  apart  in  6-foot  rows. 

When  the  ground  is  moist  and  well  prepared,  cuttings  can  be 
distributed  on  the  surface  of  the  ground.  When  these  conditions 
are  not  met  the  cuttings  should  be  placed  in  a  furrow  and  par- 
tially covered  with  another  furrow.  With  care  a  sulky  cultivator 
can  be  used  for  covering  the  joints. 

Planting  may  be  done  at  any  time  of  the  year  except  during  the 
hottest  and  driest  part  of  summer. 

Cultivation  should  be  shallow  and  sufficiently  frequent  to  keep 
down  weeds  and  prevent  excessive  baking  of  the  soil. 

Plants  set  in  February  can  be  harvested  at  any  time  of  the  year 
after  twenty  to  twenty-four  months. 
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It  is  believed  that  it  will  be  found  advantageous  in  han'esting  to 
singe  the  standing  plants  and  then  cut  them  down  to  be  grazed. 
However,  good  Results  have  been  obtained  without  cutting.  It  is 
posible  to  singe  after  cutting,  but  it  is  a  little  more  difficult  and  will 
probably  be  attended  with  more  waste. 

It  will  be  advantageous  in  harvesting  to  leave  a  stump  of  two  to 
four  jointB  rather  than  to  harvest  too  closely. 

Those  forms  which  are  most  vigorous  and  most  tree  from  disease 
should  be  selected  for  stock  to  plant.  In  the  vicinity  of  San  Antonio 
this  is  the  typical  form  of  Opuntia  Ujidheimeri. 

The  experimental  plantation  cost  nearly  $9  an  acre,  including  all 
expenses,  beginning  with  the  breaking  of  the  raw  prairie  and  ending 
with  the  cuttings  properly  placed.  With  good  labor  and  proper 
management  this  expense,  it  is  believed,  could  he  reduced  to  $6  or  $7 
an  acre.  Even  $9  per  acre  is  low  for  a  plantation  that  does  not  w 
quire  renewing  for  fifteen  or  twenty  fears, 

The  spineless  forms  thus  far  grown  (about  twenty  varieties)  are 
practically  useless  under  present  conditions  in  Texas  except  for  breed- 
ing purposes. 

A  conservative  estimate  of  the  annual  production  of  prickly  pear  ' 
under  cultivation  i,s  22J  tons,  or  enough  roughage  for  one  bovine 
animal  for  a  year  from  each  acre  of  ground.    This  is  to  be  harvested 
biennially. 

Cattle,  sheep,  goats,  swine,  and  even  chickens  will  eat  the  crop 
readily  at  any  time  of  the  year. 

Eight  times  as  much  growth  of  prickly  pear  has  been  secured 
under  cultivation  as  was  obtained  without  cultivation  in  ungrazed 


More  than  six  times  as  much  roughage  (actual  feeding  value)  has 
been  secured  during  the  past  two  years  from  prickly  pear  as  from 
sorghum. 

One  fungous  and  one  insect  enemy  of  prickly  pear  of  some  im- 
portance are  found,  both  of  which  may  be  controlled  either  by 
selection  of  stock  or  by  methods  of  harvesting,  or  by  both  combined. 

The  diseased  condition  known  as  dropping  of  joints  is  believed  to 
be  purely  climatical.  This,  while  costing  a  month's  growth  in*  the 
spring,  is  not  looked  upon  with  any  apprehension.  The  yields  given 
in  this  paper  have  been  secured  in  spite  of  this  injury. 
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DESOBIPTION  OF  PI^TBB. 

Plate  I. — Prickly  pear  exi>erlineiitH.  Fig,  1.— Cultivated  and  uiicnltivated 
prlcklf  i>eBr,  xliowlng  relative  erowtbe^  Tbe  flret  two  ro«'s  cultivated  and 
tbe  flrst  two  rowH  iinciiltlvuled  were  plaoted  In  tlu^  (WDie  wny  and  at  the 
BBDie  time.  The  vegetation  In  the  uncultivated  arfa  consists  of  native 
giaBsea  and  the  broom  weed  (.Impfteocftnrfs  dracunculoidis).  Fig.  2.— 
Covering  the  cuttings  with  a  plow.  Covered  in  this  way  tbe;  usually  stand 
at  an  angle  of  about  4D  d^rees.  Fig.  3. — Cuttings  distributed  In  tbe  furrow 
reedy  to  be  covered.  When  covei'ed  with  a  iilow  they  stand  at  atraut  tbe 
angle  shown,  hut  If  a  Biiljty  ciiItlvHtor  is  used  to  cover  them  they  can  be 
iirraugpd  iieiirly  upright.  In  tht  distance  will  Im'  hcpii  piles  of  ciitthwB 
refldy  to  bo  distributed.  FIr.  4. — CuttlnKs  rtlstrlbuted  on  the  siirfaee  of  tbe 
ground.  The»«  are  not  to  be  covered,  but  will  grow  readily  lu  this  |>oBition. 
This  method  of  iiluiitlng  Is  to  be  recoiuuiendeil  when  tbe  ground  Is 
thoroughly  prepiired  and   suHclently   moist. 

Plate  II.— Prickly  i>ear  experiments.  Fig.  1.— Cattle  gracing  singed  prickly 
pear  on  the  exjierluieDtnl  pluntatioii,  March,  11)07.  Fig.  2.— Singeing  2-year- 
old  |>ear  upon  tbe  extierlmentnl  plantation  In  Starch.  1JX>T.  Tig.  3. — Uncul- 
tivated plantation  20  years  old  u|iun  the  Poor  ranch,  at  San  Antonio,  Tei. 
This  plantation  has  been  repeateilly  harvested  but  never  cultivated.  Pig. 
4, — Cnltlvated  prickly  pear  2  years  old  upon  the  experimental  plantation. 
Oom|>are  the  apiteurauce  of  the  plants  with  the  same  variety  shown  In 
figure  3. 
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PRICKLY    PEAR    EXPERIMENT& 

FiQ.  1.— Cultivated  and  Uncultivated  Prickly  Pear.  Fig.  2.— Coverino  Cuttings 
WITH  A  Plow.  Fig.  3.-ComNGS  Oistbibuteo  in  Furhow  Ready  to  be  Covered. 
Fig.  4.— Cuttings  Distributed  on  the  Surface  of  the  Ground,  not  to  be  Cov- 
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PRICKLY    PEAR    EXPERIMENTa 

Ro.  1,— Cattle  Grazing  Singed  Prickly  Pear.  Fig.  2.— Singeing  Prickly  Pear. 
Fio.  3— Uncultivated  Plantation  Twenty  Years  Old.  Fig.  4,— Cultivated 
Prickly  Pear  Two  Years  Old. 
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U-  H.  Dki'artmest  ok  Agbicii-tube, 

BrREAT  OF  Plant  Ixdistry, 

Office  of  the  Chief, 
Wflshim/ton,  D.  t'.,  Jnnnary  ',,  190S. 

Sir:  I  have  the  honor  to  transmit  herewith  and  to  recommend  for 
publication  as  Bulletin  No.  125  of  the  series  of  this  Bureau  the  ac- 
companying manuscript,  entitled  "  Dry-Land  Olive  Culture  in 
Xorthem  Africa." 

The  culture  of  the  olive  without  irrigation  in  a  region  where  the 
average  yearly  rainfall  is  only  i*.3  inches  is  the  most  highly  suc- 
cessful example  of  dry-farming  metliods  applied  to  a  tree  crop  of 
which  we  have  any  knowledge.  It  has  long  passed  the  experimen- 
tal stage,  having  been  carried  on  in  southern  Tunis  with  the  methods 
now  in  use  for  at  least  fifty  years  and  having  been  developed  on  a 
vastly  more  e.xtensive  scale  in  the  same  region  during  the  early  cen- 
turies of  the  Christian  era. 

The  description  here  given  of  the  methods  and  of  the  type  of  tree 
-adapted  to  this  system  of  culture  will  be  of  special  interest  to  that 
portion  of  the  southwestern  I'nited  States  where  olive  culture  is  pos- 
sible. But  it  also  concerns  arid  and  semiarid  regions  outside  of  the 
olive  zone  where  arboriculture,  based  upon  other  crops,  seems  des- 
tined to  become  an  important  feature  in  dry-land  agriculture.  The 
present  paper  should  stimulate  tlie  search  for  useful  trees  capable  of 
being  grown  profitably  under  dry-farming  conditions. 

In  the  course  of  an  expedition  to  Tunis  for  the  Office  of  Seed  and 
Plant  Intro<Iuction  and  Distribution,  the  primary  object  of  which 
was  to  obtain  promising  varieties  of  dates  for  trial  in  the  south- 
western I'nited  States,  Mr.  Kearney  spent  sevenil  weeks  in  the  dry- 
land olive- growing  districts  studying  the  methods  used  and  the 
conditions  under  which  the  culture  is  there  carried  on.  This  was 
done  at  the  suggestion  of  Mr,  W.  T.  Swingle,  of  this  Bureau,  who. 
has  charge  of  investigations  in  dry-land  arboriculture. 

The  drought- resistant  variety  of  the  olive  that  is  grown  in  Tunis 
has  been  introduced  with  a  view  to  establishing  dry-land  olive  culture 
in  the  United  States.     Investigations  along  this  line  will  l)e  carried 
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OH  in  cooperation  between  the  offices  of  Plant  Life  History  Investiga- 
tions and  of  Alkali  and  Drought  Resistant  Plant  Breeding  Investi- 
gations. 

Acknowledgment  is  here  made  of  the  valuable  assistance  rendered 
Mr,  Kearney  in  the  course  of  his  investigations  by  the  Tunisian  au- 
thorities and  by  private  individuals  interested  in  olive  culture.  Men- 
tion should  be  made  of  the  courtesies  extended  by  M,  Fidelle,  late 
controleur  civil  at  Sf ax ;  M.  Minangoin,  inspector  of  agriculture  in 
the  Direction  of  Agriculture  and  Commerce  at  Tunis;  Mr.  Leonardi, 
British  vice-consul  at  Sf ax ;  M.  Robert,  president  of  the  chamber  of 
commerce  at  Susa;  and  MM.  Louis  Fidelle  and  A,  Chatel,  olive 
growers  at  Sfax. 

The   illustrations  which   accompany  this    pajwr    are    considered 
essential  to  a  full  understanding  of  the  text. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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DRY-LAND  OLIVE  CULTURE  IN  NORTHERN 
AFRICA. 


INTBODUCTION. 

A  great  awakening  to  the  possibilities  of  dry-land  agriciiltnre  has 
recently  taken  place  in  the  western  United  State:-.  I>and  is  Wing  rap- 
idly taken  np  and  brought  under  the  plow,  largely  by  eastern  farmers, 
in  regions  where  the  average  yearly  rainfall  does  not  exceed  18  inches 
and  where  water  is  not  available  for  irrigation.  The  unusually 
heavy  rainfall  of  the  past  few  Reasons  has  allowed  many  of  the  new- 
comers to  obtain  good  crops  of  small  grain  and  forage  under  these 
conditions;  but  the  recent  recruit  to  '"dry  farming"  must  not  lose 
sight  of  the  fact  that  such  periods  of  unu.sually  heavy  rainfall  are 
sure  to  be  followed  sooner  or  later  by  )>eriods  of  drought,  when  the 
plants  ordinarily  grown  in  humid  regions  will  give  him  Imt  imcer- 
tain  results.  To  insure  against  disaster  he  should  be  on  the  lookout 
for  drought- resisting  varieties  of  the  crop  plants  he  is  familiar  with 
or  else  for  new  crop  plants  adapted  to  arid  conditions. 

No  class  of  plants  is  more  resistant  to  drought  than  certain  trees 
and  shrubs,  some  of  which  are  extremely  useful  in  countries  having 
a  climate  similar  to  that  of  the  Great  Plaiuij  and  Great  Basin  regions 
of  the  United  States.  Arboricultui-e  (tree  culture)  is  one  of  the 
safest  and  most  promising  lines  along  which  dry-land  agriculture 
can  develop.  Exijerience  in  various  parls  of  the  Old  World  has 
shown  that  drought-resisting  trees  will  live  and  will  often  produce 
a  crop  in  years  when  no  shallow-rooled  annual  crop  will  return  the 
seed  sown. 

The  most  highly  developed  and  successful  example  of  dry-land 
arlx>riculture  known  to  the  writer  is  based  on  the  olive,  a  tree  that 
is  peculiarly  well  fitted  for  growing  under  arid  conditions.  Its 
leaves  are  protected  against  excessive  loss  of  water  by  the  thick  skin 
or  cuticle  of  the  upper  surface  and  by  the  scurf  of  scale-like  hairs 
with  which  the  under  side  is  covered.  Its  root  system  is  r>f  such  a 
nature  as  to  permit  it  to  gi'ow  without  irrigation  in  regions  where 
the  rainfall  is  scanty  and  the-gi"ound  water  is  practically  out  of 
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reach.  The  roots  of  the  olive  run  for  long  distances  comparatively 
close  to  the  surface  of  the  soil,  and  are  thus  able  to  take  up  the 
mois-ture  that  penetrates  a  few  inches  into  the  ground  after  every 
moderate  rainfall.  The  unusual  hardiness  of  this  tree  is  shown  by 
the  fact  that  in  many  localities  in  northern  Africa  where  it  was  once 
planted  it  has  persisted  for  centuries  without  receiving  any  attention, 
often  running  wild  and  mingling  with  the  native  trees  and  shrulw  on 
the  driest  hillsides. 

Fifteen  hundred  years  ago  southern  Tunis  was  covered  with  thriv- 
ing olive  orchards,  but  these  gradually  disappeared  after  the  country 
was  conquered  by  the  Arabs,  so  that  at  the  Iwginning  of  the  last 
century  olive  culture  had  almost  died  out  in  that  region.  A  good 
beginning  has  since  been  made  in  reestablishing  it,  and  to-day 
the  dry-land  orchards  of  southeastern  Tunis  are  the  wonder  and 
admiration  of  olive  growers  the  world  over. 

A  description  of  this  model  arboriculture,  of  the  climatic  and 
soil  conditions  under  which  it  is  earned  on,  and  of  the  methods  used 
and  the  results  obtained  can  hardly  fail  to  interest  those  who  are 
concerned  in  dry-land  agriculture.  It  is  true  that  in  the  United 
States  the  olive  can  be  a  profitable  crop  only  in  the  wanner  parts 
of  the  arid  and  semiarid  districts,  i.  e.,  in  southern  and  western 
Texas,  in  southern  Arizona,  and  in  California.  But  there  are  other 
drought-resistant  trees  that  are  better  able  to  withstand  cold  and  can 
therefore  be  grown  to  advantage  farther  north.  Some  of  these, 
although  not  yet  well  known  in  the  United  States,  arc  of  great  im- 
portance in  various  parts  of  the  world,  being  grown  either  for  their- 
fniit,  for  forage,  or  for  timber  and  fuel.  In  the  drier  parts  of 
Europe  and  Asia  there  are  varieties  of  our  common  orchard  trees 
that  would  probably  give  Iwtter  results  under  dry  fanning  conditions 
than  the  varieties  ordinarily  grown  in  the  humid  parts  of  the  United 
States  or  imder  irrigation  in  the  West.  An  account  of  dry-land 
olive  culture  in  Tunis  should  therefore  !«!  useful  even  outside  the 
olive  zone,  as  it  will  direct  attention  to  the  type  of  tree  and  the 
methods  of  culture  that  are  likely  to  give  the  U'st  iv^^ults. 


Southern  Tunis  is  to-day  an  arid,  trwlcss  waste,  almost  a  desert, 
covered  with  a  sparse  growth  of  thorny  bushes  and  coarse  bunch- 
grasses.  There  are  no  streams  of  considerable  size  to  furnish  water 
for  irrigation,  and  the  average  yearly  rainfall  is  small,  ranging  from 
8  to  14  inches.  In  many  places  a  fair  crop  of  wheat  or  barley  can 
be  expected  only  once  in  three  or  four  years.  This  region  is  now 
uninhabited,  save  bv  a  few  thousand  Bedouins,  who  wander  from 
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place  to  place  in  search  of  pasturage  for  their  sheep  and  gnats.  Ex- 
cept on  the  coast  and  at  a  few  points  near  the  mountains  along  the 
northern  and  western  borders  of  the  district  there  are  no  large  towns 
and  hardly  any  jwrnianent  villages.  The  desolation  is  almost  every- 
where complete. 

Vet  during  the  third  to  the  seventh  century  of  the  Christian  era 

this    irhole    dis-  

frict  (fig.  l),froni 
the  seacoasfc  west- 
ward into  what 
is  now  eastern 
Algeria,  was 
thickly  dotted 
with  thriving 
villages  and 
farms.  In  an 
area  not  exceed- 
ing 20,000  square 
miles  — 15,00  0 
within  the  bound- 
aries of  motlern 
Tunis  and  per- 
h  a  p  s  5,000  i  n 
Algeria — t  here 
were  at  least  a 
dozen  cities  of 
10,000  to  30,000 
inhabitants.  A 
network  of  splen- 
did paved  roads, 
such  as  the  Ro- 
mans knew  so 
well  how  to 
build,  connected 
these  cities  with 

each  other  and  with  thof^e  of  the  seacoasf.  While  in  the  height  of  its 
prosperity,  that  part  of  the  region  belonging  to  what  we  now  call 

"The  northeaatoni  iwrHoii  at  the  llfElitl.v  sliaiUil  iireii,  iit  leant  near  tlie 
Eieflcoast,  l8  Hot  tjiilcnl  of  Ilic  dry-laml  flrl«>r1ciiltiirfll  roKl'm.  tbe  yearly  nilnfnll 
at  Rasa  averafrlne  IC.C  IticLen.  In  tlie  xonthenHtern  iHtriioii  (l«low  Unbes)  it 
Is  unllkelj-  that  tlie  dry-lfluil  orcUanlH  exfemlwl  an  far  from  tlie  coaal  as  ia 
Indicated  on  tbe  niap.  In  tlie  nlisence  of  esact  data  for  correction,  however,  it 
BecDiR  best  to  follow  tlie  llniUs  of  tlie  region  ur  traced  hy  Itounic  (Rapiiort 
snr  lea  Cultures  Fnilti?res,  etc.,  Tnnl8,  18!»). 

20017— Bull.  125— OS — -2  ,—  I 
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Tunis,  of  which  it  formed  about  one-third,  had  a  population  of  at 
least  1,500,000,  or  about  the  present  population  of  the  whole  of  Tunis. 

The  flourishing  state  of  this  part  of  Africa  in  former  times  is 
abundantly  attested,  not  only  by  the  statements  of  Arab  writers  who 
saw  the  country  before  it  had  completely  relapsed  into  its  present 
desolation,  but  by  the  ruins  that  are  strewn  over  it  in  such  numbers 
that  one  can  hardly  ride  for  half  a  mile  without  encountering  some 
fragment  of  an  ancient  building,  or  cistern,  or  reservoir.  The  pub- 
lic buildings  of  the  cities  had  a  degree  of  architectural  merit  which 
shows  that  the  ancient  inhabitants  enjoyed  not  merely  prosperity, 
but  wealth  and  luxury.  The  inscriptions  prove  that  some  of  the 
finest  of  these  structures  were  built  not  by  the  government  or  the 
municipality  but  by  private  citizens  inspired  by  local  pride,  which 
was  kept  alive  by  the  keen  rivalry  that  existed  among  the  towns  of 
Roman  Africa. 

AVe  need  mention  only  two  examples  of  the  splendid  development 
of  this  country  in  Roman  times.  In  an  area  of  100  square  miles 
around  the  ancient  city  of  Suffetula  (fig.  1)  there  have  been  found 
the  remains  of  3  cities,  15  towns,  and  4.5  small  villages,  besides  almost 
innumerable  scattered  farm  buildings.  Xear  the  seacoast,  on  the 
site  of  the  ancient  city  of  Thysdrus  (fig.  1),  stands  a  great  amphi- 
theater which  is  second  in  size  only  to  the  Colosseum  at  Rome  and  is 
estimated  to  have  seated  60,000  people.  But  the  Boman  city  which 
it  adorned  has  given  place  to  a  squalid  Arab  village  huddled  under 
(he  walls  of  the  amphitheater,  while  aroimd  it  in  every  direction 
stretches  a  bare,  uncultivated  plain.  How  can  we  account  for  the 
existence  of  the  C0,000  souls  that  crowded  tlie  amphitheater  of  Thys- 
drus on  festival  days  to  view  the  sports  of  the  arena?  How  did  the 
teeming  population  of  Suffetula  support  itself  and  accumulate  wealth 
sufficient  to  build  the  beautiful  marble  temples  and  baths  and  theaters 
that  adorned  the  city  in  the  early  centuries  of  the  Christian  era? 

All  the  evidence  goes  to  show  that  the  climate  has  not  changed 
materially  and  that  the  rainfall  has  not  diminished  since  Roman 
times.  We  liave  no  reason  to  believe  that  the  country  was  formerly 
better  watered  or  that  agriculture  based  upon  irrigation  could  ever 
have  reached  a  high  development  in  that  part  of  Africa.  The  re- 
mains of  innumerable  cisterns  lined  with  masonry  or  concrete — more 
than  400  have  been  counted  in  one  small  district  near  Sfax  alone — 
prove  that  the  inhabitants  had  to  depend  for  domestic  purposes  upon 
stored  rain  water.  Some  of  the  larger  cities  had  public  cisterns  of 
gigantic  size.  Even  near  the  mountains  it  was  necessary  to  utilize 
every  spring  and  to  build  long  aqueducts  to  carry  water  to  the  cities 
and  towns.  There  could  have  Ix-en  little  to  spare  for  agricultural 
purposes,  except,  perhaps,  to  irrigate  the  gardens  immediately  around 
the  towns. 
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The  gnarled  old  oli\e  trees  that  nie  found  here  and  there  over  the 
country  (fig,  2),  often  standing  in  straight  rows  just  as  they  were 
planted  centuries  ago,"  and  the  almost  innumerable  ruins  of  oil  mills 
answer  our  questions.     The  remains  of  more  than  a  thousand  oil  mills 
are  said  to  exist  in  the  hundred  ijquare  miles  around  Snffetula  alone. 
They  were  built  of  stone  and  were  often  of  imposing  size.     In  many 
places  the  stone  basins  in  which  the  fruit  was  crushed  and  the  per- 
forated stone  pil- 
lars     that     sup- 
ported the  bar  of 
the  press  are  still 
to  be  seen. 

If  we  turn  to 
the  Roman  and 
Arabic  historians 
and  geographers, 
we  find  abundant 
evidence  that  the 
wealth  of  this 
part  of  Africa 
was  based  upon 
dry-land  tree  cul- 
ture on  a  vast 
scale."  The  olive 
was  undoubtedly 
the    chief    sourci* 

.      .,  .    ,  Fio.  2.— An  oUve  tree,  urohably  itever»i  wniiiiies  uld,  biowIdk 

of      these      riches,  „lthoot  Irrlg-llo..  Id  Algeria. 

althougli       other 

more  or  less  drought-resistant  trees,  such  as  the  pistache,  fig,  and 
almond,  doubtless  played  an  important  part.  It  has  been  calculated 
that  the  olive  orchards  of  southern  Tunis  covered  '2,500,000  acres  when 
the  Arabs  conquered  the  country,  about  700  A.  T).  Ancient  Rome, 
which  consumed  an  enormous  quantity  of  olive  oil.  drew  its  supply 
largely  from  this  region.  Under  the  Ca?snrs  the  province  of  Africa, 
which  comprised  the  same  territory  as  modem  Tunis,  was  taxed 
300,000  gallons  yearly  for  the  iK'nefit  of  the  cajHtal.'^    So  important 

"  Olive  trees  severnl  huiiilred  jt^iirR  <t\([  iiiv  rriiiiieiirly  iiii't  witli  In  Alpcrlii  uiiil 
Tiiuls.  In  umiiy  iilncen  tlie  fxletiiiK  trees  iire  uffi^hiKitH  tlint  linve  HtirimK  up 
from  the  roots  of  oMer  oties,  the  nrltnlii'i I  trunk  biivliiK  \iiuk  siiii^e  illsniiiieitreil. 

'This  view  wna  first  ntlvniieeil  lit  ji  ciinviiichiu  form,  with  an  inliiiiralile  sum- 
ming DP  of  the  historical  and  arch«H)Ioglcal  evIJencp,  hy  P.  Bourili',  nt  one  time 
Director  of  Ajtrlcultiire  In  Tunis,  hi  a  little  immiihlet  eiititltti  "  I{n]i|it)rt  sur  les 
Cultures  Frultieres  et  en  I'artlcuMer  mr  la  Culture  tie  I'Ollvler  ilaus  le  Centre 
de  la  Tunisie."  (Iteiwrt  ini  Fnilt  Cultnre  and  Ksii»liilly  Olive  Culture  In  Cen- 
tral Tunis.)   Tunis,  1802;  2d  edition,  INilll. 

'  Grahaui,  Alexander.     lioninn  Africa,  T.ondon,  1!)02,  p,  57.      ^-^  i 
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was  this  article  in  the  ancient  (■oumierce  of  the  country  that,  as  the 
local  tradition  has  it,  one  of  the  cities  near  the  eastern  coast  built  a 
conduit  solely  for  the  purpose  of  transporting  oil  to  its  seaport. 

The  Arab  invaders,  being  a  pastoral  and  not  an  agricultural  people, 
are  said  to  have  wantonly  destroyed  the  olive  orchanls  in  onler  to 
create  pastnres  for  their  flocks.  More  probably  the  orchards  gradu- 
ally died  out  from  neglect,  large  numbers  of  the  original  inhabitants 
of  the  country  having  been  killed  or  driven  from  their  farms  by  the 
invaders,  who  neither  knew  nor  cared  anything  about  tree  culture. 
During  the  centuries  that  followed,  the  country  was  in  too  turbulent 
a  state  to  make  a  restoration  of  the  olive  orchards  possible.  More- 
over, the  decline  of  Kome  and  the  destniction  of  commerce  on  the 
Mediterranean  put  an  end  to  the  foreign  trade  in  oil  and  left  Tunis 
without  a  market  for  its  surplus  production. 

However  this  may  be,  only  mere  fragments  of  this  magnificent  for- 
est of  olives  remain  to-day  in  southern  Tunis.  In  the  northern  part 
of  (he  country,  where  the  rainfall  is  much  greater  and  the  trees  can 
exist  without  the  use  of  special  cultural  methods  to  conserve  moisture 
in  the  soil,  olive  growing  has  continued  without  interruption  down  to 
the  present  time. 

DBT-LAIfD   OLIVE   CUXTUBE   IN   KODEBlt   TUNES. 

At  a  few  points  along  the  coast  in  central  and  southern  Tunis 
the  orchards  never  disappeared  entirely,  and  within  the  last  century 
a  notable  effort  has  l>een  made  to  reestablish  the  ancient  condition  of 
things  in  the  neighborhood  of  Sfax,  a  thriving  sea[)ort  on  the  eastern 
coast  (fig.  1).  The  work  was  begim  by  the  inhabitants  on  their 
own  initiative,  hesitatingly  and  inefficiently  at  first.  About  IS+O  the 
system  of  planting  and  of  tillage  now  in  use  was  introduced  or 
revived"  bj'  one  of  the  more  intelligent  natives,  and  from  that  time 
the  progress  was  rapid.  When  the  French  occupied  Sfax  in  1881 
the  orchards  already  covered  4ri,000  acres,  and  up  to  that  time  Euro- 
peans had  had  no  part  in  the  work. 

During  the  last  twenty  years  most  of  the  new  orchards  have  been 
created  by  French  rapitalLsts,  although  native  laborers  have  been 
almost  exclusively  employed  and  the  cultural  methods  are  essentially 
those  in  use  before  the  country  was  occupied  by  Europeans.     Be- 

■■  In  all  probability  the  system  i>C  wide  aimcliiB  of  tbe  trees  ond  thoroiigb  till- 
age In  not  n  recent  Invention,  Init  wiis  in  ime  by  tlie  Itomnns  more  tbaii  1,500 
years  nRO,  These  prnctlceM.  or  at  lpii»t  Ihe  tiiiilltloji  <it  tliciii,  doubtlesH  eoii- 
Hiitied  to  exist  in  the  reslon  throiitrb  all  Ihe  reiiturlcH  of  the  Arab  domination, 
to  be  broiittbt  once  more  luto  b-eiieral  use  during  the  imst  century. 
12S 


^d  by  Google 


DRY-LASD    OLIVE   CULTUHE    IN    MODERN    TUNIS.  13 

tween  1892  and  1904  French  stock  compnnies  and  individiiRl  colonists 
purchased  from  the  Tunisian  government  200,000  acres  of  public  land 
and  planted  more  than  one  and  a  half  million  olive  trees,  besides  a 
large  number  of  almonds.  These  lands  are  sold  by  the  government 
nt  the  rate  of  75  cents  an  acre,  one-half  of  the  price  being  payable  in 
advance  and  the  remainder  within  four  years,  on  condition  that  the 
purchaser  shall  put  the  land  into  a  tree  crop  before  the  end  of  that 
time.  This  is  in  pursuance  of  the  policy  of  the  government  to  en- 
courage in  every  possible  way  the  restoration  of  the  olive  orchards 
that  made  the  country  prosperous  in  ancient  times. 

At  present  the  orchards  extend  without  interruption  to  an  average 
distance  of  20  to  2r)  miles  from  Sfax,  while  some  of  the  outlying 
plantations  are  as  much  as  40  miles  distant  from  the  town.  Those 
within  a  radius  of  12  miles  from  Sfax,  which  are  now  in  full  bearing, 
belong  almost  exclusively  to  natives,  while  lieyond  them  are  the 
plantations  of  young  trees  more  recently  established  by  French  col- 
onists. These  newer  orchards  are  in  nearly  all  cases  very  larj^, 
some  of  them  containing  more  than  2.1,000  trees.  The  entire  area 
around  Sfax  occupied  by  dry-land  olive  orchards  was  estimated  in 
1900  to  be  475,000  acres,  containing  3,.^^3,000  trees.  During  the  ten 
years  from  1896  to  lflO.5  a  yearly  average  of  more  than  1,000,000  gal- 
lons of  oil  was  produced.  The  product  of  these  or<'har<ls  is  sufficient 
to  maintain  about  two  dozen  oil  mills  in  the  town  of  Sfax,  operated 
by  Europeans  and  equipped  with  motlern  machinery,  besides  twice 
as  many  native  mills,  in  which  the  power  is  furnished  by  animals. 

This  wide  expanse  of  orchards  is  a  most  impressive  sight.  The 
best  view  of  it  (see  PI.  IV,  fig.  1)  is  to  be  had  from  the  summit  of 
a  little  hill  about  10  miles  northwest  of  Sfax  to  which  all  visitors 
are  taken.  The  straight  rows  of  ti-ees,  separated  by  broad  bands 
of  bare,  reddish  soil,  stretch  to  the  horizon  in  almost  every  direc- 
tion. The  whole  face  of  the  country  is  slrijied  with  gray-green 
and  red.  Probably  nowhere  else  in  the  world  has  olive  culture  been 
so  highly  developed.  The  regidarity  of  the  planting  is  striking  to 
anyone  who  is  familiar  with  the  haphazard  way  in  which  the  trees 
are  set  out  on  hillsides  in  most  pai-ts  of  the  Mediterranean  region." 
The  trees  stand  in  perfectly  straight  lines  and  are  Cj  to  80  feet  apart 
in  each  direction.  They  are  carefully  trinuncd  so  as  to  have  a  sym- 
metrical, sqnare-topped  spread  of  foliage  and  are  remarkably  uni- 

"Tbe  Jury  for  olive  culture  of  tlie  fimjni-ns  lieM  at  Tunis  in  1S.SS,  wliii-L 
was  comimwxl  larcely  ot  French  olive  Browers,  acrpwl  that  tlic  irtati  tat  Ions  nt 
Sfax  are  "siiiwrb  nnrt  leave  far  belilnd  nnytbinE  to  be  ivfw  in  Eiiropp  ns  to 
development  of  tlie  tref-s  and  quantity  of  the  frnlt."  At  that  time  the  orcbardB 
were  Btlll  practically  nil  in  the  hands  of  natives. 
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14  DBY-LAND   OLIVE   CULTUBE  IN    KOBTHEBN   AFBICA. 

form  in  size  and  shape.  Nothing  else  is  grown  among  them  after 
tliey  begin  to  bear,  and  the  cultivation  is  so  clean  that  it  is  hard  to 
find  a  blade  of  grass  in  the  well -cared -for  orchards. 

This  admirable  culture  is  carried  on  without  irrigation  in  a  region 
where  the  rainfall  averages  only  9.3  inches  and  sometimes  falls  as 
low  as  6  inches  during  several  successive  years.  It  is  the  most  suc- 
cessful example  of  dry  farming  applied  to  a  tree  crop  of  which 
we  have  any  knowledge. 

In  order  to  understand  the  cultural  methods  practiced,  it  is  neces- 
sary first  of  all  to  know  something  of  the  physical  conditions  of  the 
Sfax  region, 

OENEHAL  CHABACTEBISTICS  OF  TKE  SFAX  BEOION. 


Sfax,  like  most  localities  in  northern  Africa,  has  many  of  the 
climatic  peculiarities  of  the  vast  Sahara  Desert,  which  practically 
reaches  the  sea  near  the  border  of  Tripoli,  110  miles  southeast  of 
Sfax.  For  this  reason  the  climate  of  the  east  coast  of  Tunis,  even 
as  far  north  as  the  city  of  Tunis  {fig.  1)  is  much  more  desert-like 
than  the  coast  of  Algeria,  which  is  separated  from  the  Sahara  by 
two  ranges  of  mountains.  At  Sfax  the  chief  points  in  which  the 
climate  approaches  that  of  the  desert  are  tlie  small  rainfall  and  the 
long,  hot  summers.  Yet  it  is  not  a  typical  desert  climate,  for  the 
neighborhood  of  the  sea  gives  it  a  comparatively  high  relative 
humidity  and  smaller  daily  and  seasonal  ranges  of  temperature 
than  those  that  characterize  the  Sahara  itself. 

Table  I  shows  the  average  montlily  temperatures  at  Sfax : 

Table  I. — Monthip  and  aniiiiaJ  avei-agc  mran,  mcoii  maximum,  iinA  mean  mini- 
mutn  IciniirratttrrH  al  Hfn-r,  in  degree's  Fahrenhell." 


with  then 

nnd  Ifwal.     The  cocr'ecllon  li 
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•F. 

n'.b 
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Most  localities  in  the  southwestern  portion  of  the  United  Btates 
are  characterized  by  a  greater  range  of  temperature  than  occurs  at 
Sfax,  having  colder  winters  and  warmer  summers.  At  Tucson, 
Ariz.,  the  monthly  mean  temperatures  are  much  like  those  at  Sfax, 
except  for  May.  June,  July,  and  August,  when  the  temperatures  are 
considerably  higher  at  Tucson.  The  means  of  the  maxima  of  the 
spring  and  summer  months  are  much  higher  at  Tucson  than  at  Sfax, 
while  the  means  of  the  minima  arc  much  lower  at  Tucson  during  the 
nine  months  from  September  to  May.  The  yearly  mean  of  the 
maxima  is  nearly  8  degrees  higher,  and  the  yearly  mean  of  the 
minima  is  6^  degrees  lower  at  Tucson  than  at  Sfax. 

San  Antonio,  Tex.,  corresponds  closely  with  Sfax  in  the  mean  tem- 
peratures of  all  the  months,  except  April,  May,  and  June,  when  the 
monthly  means  are  considerably  higher  at  San  Antonio,  The  monthly 
meai^  of  the  maxima  are  uniformly  somewhat  higher  at  San  An- 
tonio, the  difference  being  most  marked  for  the  months  of  April  to 
July.  The  monthly  means  of  the  minima  at  San  Antonio  are  slightly 
lower  in  autumn  and  winter  but  somewhat  higher  in  spring  and 
summer  than  at  Sfax. 

There  is  no  evidence,  however,  that  within  wide  limits  temperature 
is  a  factor  of  very  great  importance  in  olive  culture. 

Table  II  shows  the  average  monthly  and  annual  precipitation  at 
Sfax: 

Table:  II. — Average  montkly  and  annual  precipilalion  al  ftfnr." 


KJJ--~-_  _-  _  _ 

!l  1  tSSS 

IM 

O.J.      D««nb.r___ _ 

Juljr-               _                           ^               _ 

•  B>Md  apon  a  period  ot  flrteeo  ireara  (IHRS  to  IIIOOI.  Tbe  above  data  ■!«  taken  from 
O.  UlneBtous.  Les  riulea  en  TuniBle.  DIr.  U£d.  de  rEnwIgnm.  Publ..  SerT.  H«c«i)rol.,  ed. 
2,  pp..  Se.  ST    (1901). 

If  we  compare  the  rainfall  of  Sfax  with  that  of  localities  in  the 
southwestern  United  States,  we  find  that  San  Diego  and  Fresno, 
Cal.,  Tucson,  Ariz.,  and  El  Paso,  Tex.,  have  practically  the  same 
yearly  total,  while  at  San  Antonio,  Tex,,  the  yearly  total  is  about 
three  times  as  great,  and  at  St.  George,  Utah,  only  about  two-thirds 
as  great.  In  the  distribution  of  the  rainfall  during  the  different 
months  of  the  year,  San  Diego  and  Fresno  most  nearly  resemble 
Sfax,  while  Tucson,  El  Paso,  and  San  Antonio  show  a  marked  dif- 
ference in  their  relatively  heavy  midsummer  rainfall.  Most  of  the 
precipitation  at  Sfax  occurs  in  the  autumn,  winter,  and  early  spring, 
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December  being  the  month  of  greatest  rainfall,  with  a  second  maxi- 
mum, only  slightly  lower,  in  April.  Jiily  and  August  are  the  driest 
months. 

The  total  rainfall  at  Sfax  varies  greatly  in  different  years.  Thus, 
in  18!)0  it  amounted  to  17.4  inches,  and  in  1805  it  was  only  3,2  inches. 
During  the  sieven  years  from  1898  to  190+  the  total  rainfall  was  only 
41  inches;  hence  the  yearly  average  was  only  5.8  inches.  The  rela- 
tion that  apparently  exists  between  the  rainfall  and  the  size  of  the 
olive  crop  is  discussed  farther  on. 

There  are  no  perennial  streams  in  the  Sfax  region.  The  inhabi- 
tants depend  upon  wells  and  cisterns  for  water  for  irrigating  their 
gardens  and  newly  set  out  oli^'e  trees  as  well  as  for  household  pur- 
poses. The  wells  vary  greatly  in  depth.  For  instance,  about  30 
miles  north  of  the  town  there  is  a  well  220  feet  deep,  while  only  3i 

miles  away  there 
is  a  33-foot  well. 
The  a  vorag© 
depth  is  perhaps 
between  50  and  80 
feet. 

In  the  zone  of 

Fig.  .t.— Diagram  ahowlDR  coEBtrucllon  of  clBterna  at  Sfai,  being  gardens  COntaill- 
a  BPc-tl™  IhrouKh  two  of  the  orwnin^s  (ol  In  IliB  concrete  ;„„  ^  variety  of 
mver   lO   l>y  means  of  which  water  that  fiille  npon  the  plat-       ,  *.  \  ,   , 

furn.  ,pt  et.lers  the  clslern  id  ;  »  H  the  surfiice  of  the  soil,     imit    trPPS  whlch 

lies  between  the 
town  and  the  olive  orchards,  the  roads  are  bordered  by  cisterns  of 
a  peculiar  type  (fig.  3).  A  concrete  platfonn,  often  40  or  50  feet 
square  and  about  ^  feet  high  at  the  edge,  slopes  from  all  sides 
toward  the  center,  the  opening  of  which  is  protected  by  a  con- 
crete cover.  Small  holes  in  the  sides  of  the  cover  allow  the  water 
that  falls  upon  the  platform  to  enter  the  cistern  beneath.  Water  is 
drawn  when  neeiled  through  a  hole  in  the  top  of  the  cover,  which  is 
protected  by  a  movable  lid.  This  tyi>e  of  cistern  has  been  used  in 
Tunis  for  two  thousand  years  or  more. 

In  years  of  unusually  small  rainfall,  such  as  1004,  water  becomes 
so  scarce  that  4  or  5  gallons  (the  capacity  of  the  ordinary  water  jar 
used  by  the  natives)  ai'e  retailed  for  2  cents.  It  has  been  necessary 
at  times  to  import  drinking  water  from  Naples  and  to  use  sea  water 
for  washing  clothes. 
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TOPOGRAPHY   AND  SOILS. 
TOPOaBAPHT    AND    NATURAI.   yEOETATION. 

The  portion  of  southern  Tunis  in  which  dry-land  olive  culture 
reached  its  highest  development  in  ancient  times  is  that  where 
Quaternary  deposits  form  the  surface  covering.  The  district  around 
Sfax  that  is  now  occupied  by  olive  orchards  is  a  slightly  rolling  plain 
of  low  elevation,  extending  from  the  coast  toward  the  base  of  the 
hi^  table-land  that  occupies  central  Tunis.  In  its  natural  condition 
it  is  a  steppe,  in  many  ways  like  the  great  plains  east  of  the  Rocky 
Mountains,  and  especially  like  parts  of  western  Texas  and  eastern 
New  Mexico.  It  bears  a  scattered  vegetation,  a  conspicuous  feature 
of  which  is  the  Christ  thorn  {Zisyphus  spina-christi) ,  a  spreading 
thorny  bush  with  most  of  the  trunk  underground,  thus  resembling  the 
inesquit«  (Proaopis  juUfiora)  as  it  grows  in  eastern  New  Mexico. 
■  Like  the  mesquite,  the  Christ  thorn  generally  occupies  the  summits 
of  small  mounds,  which  it  has  probably  helped  to  form  by  catching 
and  holding  wind-blown  soil.  "While  its  stems  are  usually  only  4  or  5 
feet  high  above  ground,  its  roots  are  said  often  to  penetrate  to  a 
depth  of  12  feet  or  more.  The  presence  of  this  shrub  makes  the 
clearing  of  the  land  difficult  and  expensive.  Sagebrush  (a  species  of 
Artemisia)  and  coarse  bunch-grass  make  up  the  bulk  of  the  natural 
vegetation. 

The  soil  that  is  considered  most  desirable  for  olive  culture  is  bright 
red  in  color.  It  is  generally  of  considerable  depth,  but  at  some  places 
within  20  miles  of  Sfax  hardpan  is  said  to  be  encountered  only  24 
inches  below  the  surface.  To  an  average  depth  of  7  feet  the  soil 
appears  to  be  generally  rather  uniform  in  texture,  but  below  this 
strata  of  fine  material  alternate  with  layers  of  coarse  sand  and  gravel. 
As  regards  water  content,  it  is  stated  "  that  when  the  surface  soil  was 
air  dry,  at  a  depth  of  8  inches  the  moisture  content  was  found  to  be  6 
per  cent,  at  20  inches  10  per  cent,  and  at  40  inches  14  per  cent.  This 
would  indicate  a  distribution  of  soil  moisture  to  which  only  trees  and 
deep-root«d  perennials  could  adapt  themselves.  It  is  said  "  that 
even  after  several  months  without  rain  the  soil  at  a  depth  of  8  inches 
contains  enough  moisture  to  stick  together  when  squeezed  in  the 
hand.  At  the  end  of  January,  190i>,  however,  when  heavy  rains  had 
followed  a  prolonged  drought,  the  writer  observed  that  while  the 

■Bonrde,  P.  Rapport  eur  lea  Cultures  Fniltl&res  »  •  •  dans  le  Centre 
d«  la  TunlBle,  2d  edition,  1899,  rp-  13,  14. 

*  BertatDchand.    Note  ExpUcntlve  siir  la  Carte  AgroDomlque  et  Hydrologlque 
•    •    •    des  Terrea  de  la  KCglon  de  Sfas,  Paris,  18»6,  p.  16. 
26017— Bull.  125—08 3 
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first  8  inches  of  the  soil  had  been  thoroughly  moistened  the  next  16 
to  24  inches  were  very  dry  and  powdery. 

As  to  texture,  this  soil  when  dry  has  the  appearance  of  a  sandy 
loam,  with  rather  coarse  particles.  An  average  of  the  results  of 
mechanical  analyses  by  the  chemist  of  the  Tunisian  government '  of 
82  samples  collected  in  every  part  of  the  Sfax  region  gives  80  per 
cent  of  "  coarse  sand "  and  20  per  cent  of  "  fine  material."  Yet 
an  apparently  typical  sample  collected  by  the  writer  in  an  olive 
orchard  about  5  miles  from  Sfax  was  foimd  by  the  Bureau  of 
Soils  of  the  United  States  Department  of  Agriculture  to  contain 
a  great  deal  of  silt  and  clay,  amounting  together  in  the  surface  foot 
to  45  per  cent  of  the  whole  and  in  the  third  foot  to  23  per  cent.  The 
remaining  55  and  77  per  cent,  respectively,  consisted  mainly  of  "  fine 
sand  "  and  "  very  fine  sand,"  The  real  state  of  the  case  appears  to 
be  that  in  the  natural  condition  of  the  soil  these  fine  particles  are 
held  together  by  lime  or  some  other  cementing  material,  so  as  to 
form  particles  that  resemble  grains  of  coarse  sand.  These  become 
separated  when  the  soil  is  shaken  for  a  long  time  in  water.* 

Table  III  shows  the  results  of  mechanical  analyses  made  by  the 
Bureau  of  Soils  of  the  United  States  Department  of  Agriculture  of 
soil  samples  from  the  Sfax  olive  orchards. 

Table  III. — Mechanical  analpgea  of  soil  sample*  from  the  olive  orchards  ttf  Sfax, 
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Chemical  analyses  of  a  large  number  of  samples  of  the  Sfax  olive 
soils  by  the  chemist  of  the  Tunisian  government  show  them  to  be  verj' 
rich  in  lime  (calcium  carbonate),  of  which  there  is  an  average  of 
from  5  to  10  per  cent.  The  potash  content  is  also  good,  the  average 
being  0.1  to  0.2  per  cent.  On  the  other  hand,  they  are  rather  poor  in 
nitrogen  (0.03  to  0.05  per  cent)  and  in  phosphoric  acid  (0.04  to  0.05 

"  Bertalncbond,  1.  c. 

'  In  the  Freacb  metbod  of  tDechanlcal  analyels  of  soils,  much  less  water  la 
used  and  tlie  digestiou  in  miicli  more  rapid  than  In  the  method  followed  by  th9 
Bureau  of  Soils;  coiisequeiitly  by  the  former  metbod  the  agKregates  of  fine 
particles  are  less  llbely  to  be  broken  up  through  ttie  solution  of  the  cementlnc 
material. 
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per  cent).  According  to  Trabut,"  a  high  lime  content  b  a  very  favor- 
able factor  in  growing  olives  for  oil  production,  as  olives  produced 
in  limestone  regions  are  richer  in  oil  and  the  oil  is  of  better  quality 
than  where  the  soils  are  deficient  in  this  component.  It  should  be 
noted  that  while  the  nitrogen  and  phosphoric  acid  content  of  the 
Sfax  soils  would  be  considered  low  for  most  crops,  the  high  yields 
and  good  quality  of  the  oil  produced  at  Sfax  are  sufficient  evidence 
that  the  supply  of  these  two  elements  of  plant  food  must  be  amply 
sufficient  for  the  requirements  of  the  olive.  This  can  perhaps  be 
explained  by  the  fact  that  the  roots  of  this  tree  occupy  so  great  an 
area  of  soil  (one-seventh  to  one-tenth  acre)  that  while  the  percentage 
of  these  elements  to  weight  of  soil  is  everywhere  low  the  total  amount 
available  to  the  roots  is  actually  rather  high. 

THE  OLIVE  OBCHASDS  OF  SFAX. 

THE  vABirrr  ohown. 

The  Sfax  orchards  contain  only  one  oil-producing  variety,  the 
Chemlaly,*  to  which  probably  at  least  95  per  cent  of  the  trees  belong, 
the  rest  being  varieties  with  larger  fruits  used  for  pickling.  The 
fruits  of  the  Chemlaly  are  very  small  but  are  produced  in  great  quan- 
tity {Plate  III).  They  are  exceedingly  rich  in  oil,  yielding  30  per 
cent  in  factories  where  modern  presses  are  used  and  as  high  as  34J 
per  cent  in  extraction  experiments  made  by  the  chemist  of  the  Tunis 
government.  These  are  unusually  high  percentages,  but  they  are  at- 
tributable, perhaps,  more  to  the  heat  of  the  climate  than  to  a  pecu- 
liarity of  the  Chemlaly  variety,  for  still  farther  south  in  Tunis  the 
olives  are  even  richer  in  oil.  In  the  extraction  experiments  above  re- 
ferred to,  olives  grown  in  the  celebrated  oil-producing  district  of  Ban 
in  southern  Italy  yielded  only  28.2  per  cent.  In  European  countries 
near  the  northern  limit  of  olive  production  the  fruit  is  said  to  yield 
only  13  per  (»nt  of  oil. 

Oil  made  from  the  Chemlaly  variety  is  very  pure  and  of  excellent 
flavor.  For  commercial  purposes,  however,  it  has  a  serious  defect  in 
its  high  content  of  stearin,  or  fixed  acid,  which  causes  it  to  congeal 
at  relatively  high  temperatures.  This  characteristic  renders  Sfax 
oils  difficult  to  sell  in  northern  Europe,  and  it  is  especially  prejddicial 
to  their  use  in  preserving  sardin&s,  etc.  It  is  not,  however,  an  insuper- 
able objection,  since  the  excess  of  st«arin  can  be  removed  at  a  rela- 
tively small  expense. 

"Trabut,  I*  L'Ollvler,  Bui.  21,  Service  Bot.,  GouTemm.  0«n.  Alg«rle,  11100, 
p.  43. 

^  Five  or  six  very  different  ynrfetles,  nil  knowD  as  Clienilaly,  occur  In  Tuuls. 
That  grown  at  Sfax  Is  commoDly  deslgoated  as  tbe  "  Cbemlali  de  Sfax." 
120 

Digit  zed  by  Google 


20  DBT-LANJ)   OLIVE  CULTUEE   IN   NOETHEBN   AFMCA. 

Opinions  differ  as  to  whether  the  high  stearin  content  of  the  Sfaz 
olive  oils  is  a  peculiarity  of  the  Chemlaly  variety  or  is  due  to  the 
character  of  the  soils  of  Sfax.  That  it  is  not  attributable  to  the 
climate  seems  certain,  for  oils  made  from  olives  grown  in  still  hotter 
and  drier  parts  of  Tunis  are  said  not  to  congeal  more  readily  than 
do  those  from  the  northern  part  of  the  country,  M.  Bertainchand, 
the  chief  chemist  of  the  Tunis  government,  holds  the  character  of 
the  soil  to  be  responsible,  the  soils  in  which  olives  are  grown  in 
northern  Tunis  being  generally  heavier  than  those  of  Sfax.  It  should 
be  noted,  however,  that  oils  produced  in  the  oases  on  the  northern 
edge  of  the  Sahara,  where  the  soils  are  sandier  than  at  Sfax,  resemble 
the  oils  of  northern  Tunis  rather  than  those  of  Sfax  in  their  per- 
centages of  fluid  and  fixed  acids.  Perhaps  the  low  water  content 
of  the  soil  contributes  to  this  peculiarity  in  the  composition  of  Sfax 
oils,  northern  Tunis  having  a  much  higher  rainfall  and  the  oases 
being  abundantly  irrigated.  The  latest  authority  who  has  investi- 
gated this  subject  holds,  however,  that  the  percentage  of  stearin  is. 
essentially  a  characteristic  of  the  variety  rather  than  a  direct  result 
of  the  physical  conditions.' 

Whether  the  large  yields  of  fruit  obtained  at  Sfax  from  the 
Chemlaly  olive  are  an  inherent  characteristic  of  the  variety  or  are 
due  to  the  climate  or  the  soil  or  the  superior  cultural  methods  used 
seems  not  to  be  known.  All  authorities  agree,  however,  that 
this  variety  is  exceptionally  well  adapted  to  growing  without  irri- 
gation in  a  hot,  dry  climate.  It  has  been  suggested  by  Dr.  L.  Trabut, 
government  botanist  of  Algeria,  that  the  Chemlaly  will  probably 
be  useful  as  a  drought-resistant  stock  upon  which  to  graft  larger 
fruited  varieties.  It  is,  in  fact,  thus  employed  to  some  extent  at 
Sfax,  but  its  value  for  this  purpose  will  probably  be  limited,  since 
olives  that  are  large  enough  to  be  commercially  valuable  for  pick- 
ling can  in  all  likelihood  be  produced  only  where  abundant  water 
is  available. 

PROPAOATION. 

The  Chemlaly  olive  is  never  grafted  at  Sfax  but  is  grown  on  its 
own  roots.  It  is  always  propagated  by  means  of  large  truncheons — 
pieces  of  wood  taken  from  the  base  of  the  trunk  or  of  the  largest 
roots — a  method  that  seems  to  be  peculiar  to  Tunis.*    These  cuttings 

'  See  Marcllle,  In  Bui.  DIr.  Agrlc.  et  Com.,  Tunis,  190<t.  p.  516. 

*Dr.  L.  Trnbut,  tlie  goi-eroment  botanist  of  Algeria,  states  that  It  Is  not 
practiced  In  Alfierla.  Prof.  S.  C.  Maeon,  arborlciiltutlft  of  the  Bureau  of  Plant 
Industry,  retnrts  that  the  cottonwood  IFopuIut  drlloides)  Is  sometimes  propa- 
eatea  in  western  Kansas  by  means  of  "  snags."  or  tnincheons,  pieces  of  wood 
with  several  buds  obtained  by  cuttluR  up  tlie  brnncbes  of  this  tree.  They  are 
of  the  tbirkness  of  a  piece  of  stove  wood  and  1  or  2  feet  long.  They  are  some- 
times set  In  deep  furrows  and  tUe  soil  Is  then  Armed  In  arouud  them. 
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are  obtained  from  the  old  neglected  trees — relics  of  the  ancient  olivo 
orchards — that  are  scattered  over  the  country  {see  fig.  2).  IMien  such 
trees  do  not  occur  on  the  estate  that  ia  to  be  planted,  the  cuttings  are 
purchased  from  natives  who  have  them.  Either  the  whole  tree  is 
uprooted  and  all  the  cuttings  it  can  furnish  are  removed  at  once  with 
s  saw  or  else  only  two  or  three  are  taken  off  at  a  time.  In  the  latter 
case  the  usual  method  is  to  cut  with  a  hatchet  about  half  way  through 
the  root  that  is  selected  to  furnish  the  cutting,  at  two  points  8  to  10 
inches  apart  A  spade  is  then  struck  into  the  upper  cleft  and  the 
root  is  split  down  the  middle  as  far  as  the  lower  cleft,  thus  leaving 
unhurt  the  under  half  of  the  root  from  which  the  cutting  has  been 
removed.  The  wounds  are  carefully  trimmed  with  a  pruning  knife. 
In  this  way  the  root  which  furnishes  the  cutting  is  left  attached  to 
the  parent  tree  and  continues  its  functions. 

The  truncheons  thus  obtained  are  generally  8  to  10  inches  long  and 
of  very  unequal  thickness,  although  said  to  average  4  inches.  The 
drier  the  weather  and  the  soil  at  the  time  of  planting  the  larger  they 
should  be.  In  no  case  should  they  weigh  less  than  2^  pounds,  and 
they  are  generally  heavier,  for  the  \igor  of  the  tree  for  the  first  year 
or  two,  at  least,  depends  largely  upon  the  size  of  the  truncheon  from 
which  it  originates.  They  retain  the  bark  and  should  have  at  least 
three  eyes  or  buds.  If  they  have  roots  attached,  these  are  cut  off  and 
care  is  also  taken  to  trim  away  all  rotten  wood.  The  best  resirlts 
are  obtained  with  cuttings  taken  below  the  surface  of  the  ground. 
When  of  the  dimensions  just  described  they  will  not  be  injured  by 
exposure  for  two  weeks  to  the  sun  and  air,  but  if  a  longer  interval 
elapses  before  they  are  planted  they  should  be  wrapjwd  in  straw  or 
else  buried  in  the  gromid  until  wanted." 

CLEAHINO  THE  LAND. 

The  first  step  in  establishing  an  olive  orchard  at  Sfax  is,  of  course, 
clearing  the  land  of  its  native  growth  of  graHS  and  bushes.  Where 
the  deep-rooted  thorny  shrub  known  as  Christ  thorn  occurs  this  is 


'Four  dozen  such  cutttriKS  were  1ni[>orte(l  fi-oni  Sfax  by  the  Dejiartnipiit  of 
Agriculture  In  ]!K)5.  Thfy  wpre  taken  from  tbe  trees  nbout  February  l.T  nnil 
were  coTered  with  soil  until  tlie  ciiil  of  the  month,  when  they  were  iitii-kea  with 
wet  straw  In  ventllaled  wooden  boxes  fliiU  shlp|H>d  to  New  I^ork,  beiuR  wntered 
at  Icaat  once  during  the  voyage.  WLen  unpackod  st  Washington  on  April  20. 
only  one  or  two  of  them  ebowed  signs  of  life.  When  planted,  boweier,  hnnily 
one  falle<l  to  send  up  numerous  sboota,  which  by  October  15  had  reached  a 
height  of  4  to  5  feet.  They  were  sent  to  San  Antonio,  Tex.,  Tucson  and  Pboe- 
nli,  Ariz.,  and  several  localities  In  California.  In  most  cases  tbey  have  made 
a  good  growth,  and  material  for  further  experlmentB  with  this  variety  seems  to 
be  ansa red. 
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a  troublesome  and  expensive  operation,  but  otherwise  a  fairly  deep 
plowing  is  generally  effective.  As  a  rule,  the  greatest  difficulty  in 
getting  the  land  clean  and  keeping  it  so  is  due  to  the  presence  of 
Bermuda  grass,  the  worst  weed  of  the  Sfax  region.  As  irrigation  is 
not  practiced,  except  that  the  young  trees  are  watered  by  hand  during 
the  first  one  or  two  summers  after  planting,  it  is  not  necessary  to  level 
the  land.  In  the  largest  plantations  it  is  the  custom  not  to  clear  the 
entire  surface  before  planting  but  merely  strips  about  12  feet  wide, 
in  the  centers  of  which  the  rows  of  trees  are  to  be  set.  These  strips 
are  broadened  from  year  to  year  until  the  whole  surface  of  the 
orchard  has  been  freed  from  weeds  and  brush.  Whenever  possible, 
however,  it  is  preferable  to  clear  the  entire  area  at  the  outset,  since 
the  unreclaimed  portion  harbors  Bermuda  grass,  which  rapidly 
spreads  into  the  strips  containing  the  rows  of  trees. 


Wide  planting,  combined  with  clean  cultivation  (see  Pis.  II 
and  IV),  is  the  chief  factor  of  success  in  olive  culture  at  Sfax, 
Fifty  years  ago  the  Arabs  hit  upon  the  plan  of  setting  out  the  trees 
about  80  feet  apart  each  way,  thus  giving  sliglitly  less  than  seven 
trees  to  the  acre ;  but  this  small  number  is  said  to  produce  as  much 
oil  as  do  50  trees  at  Susa  or  60  to  80  trees  in  northern  Tunis.  The 
natives  continue  to  plant  at  this  distance,  but  there  is  a  tendency 
among  the  French  owners  of  orchards  to  decrease  the  distance  be- 
tween the  trees  to  65.5  feet,  which  gives  space  for  10  trees  to  the  acre 
if  planted  in  squares  and  llj  trees  if  planted  in  quincunx,  as  is  now 
frequently  done  by  French  olive  growers.  This  system  of  wide 
planting  conforms  to  the  habit  of  the  olive  tree,  at  least  when  grown 
under  the  climatic  and  soil  conditions  of  Sfax.  It  is  there  a  com- 
paratively shallow-rooting  tree,"  but  the  roots  form  a  dense  network 
extending  horizontally  to  an  average  distance,  it  is  said,  of  25  feet  in 
every  direction.  The  root  systems  of  two  olive  trees  at  Sfax  80  feet 
apart  have  been  observed  to  meet. 

Great  care  is  taken,  even  by  the  natives,  to  secure  a  perfect  align- 
ment of  the  trees  and  to  plant  them  at  exactly  equal  distances.  Con- 
sequently the  Sfax  orchards  are  models  of  systematic  planting. 

"One  olive  grower  at  Sfax  Informed  tbe  writer  that  practically  the  entire 
root  syHteni  Is  contained  In  tlie  first  3  feet  of  the  boII.  The  shallow-root  log 
habit  of  the  olive  at  Sfax  may  be  at  least  partly  due  to  the  method  of  propaga- 
tion by  truDcbeonH,  which  prevents  the  formation  of  a  taproot  Rooted  cut- 
tings, 8uch  as  are  used  In  other  parts  of  Tunis,  are  said  to  quickly  develop  a 
taproot.  There  la  little  doubt  however,  that  the  olive  1b  more  shallow  rootlDg 
than  most  frnlt  trees. 
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The  trees  are  set  out  from  November  to  February,  but  the  best* 
months  are  November  and  December,  the  benefit  of  the  winter  rains 
being  thus  secured.  Wlieu  hea\-y  rains  occur  immediately  after 
planting,  as  many  as  5)8  per  cent  of  the  trees  sometimes  live,  but 
ordinarily  only  80  per  cent  survive.  If  the  truncheons  are  set  out  in 
November,  the  shoots  appear  the  following  spring.  If  planting  is 
deferred  until  February,  the  shoots  do  r.ot  ordinarily  appear  until 
the  following  autumn,  or  even  the  second  spring,  and  the  percentage 
of  trees  that  fail  to  grow  is  often  very  large. 

The  truncheons  are  always  planted  at  the  bottom  of  holes   (see 
fig.  4),  these  being  generally  2  feet  square  and  2— or  sometimes  2J — 
feet  deep.    The  young  shoots  are  thus  partially  shaded,  and  the  soil 
around  them  can  be  kept  much  more  moist  than  if  the  truncheons  were 
planted  near  the  surface  of  the  ground.     It  is  advisable  to  prepare  the 
holes    several     months    be- 
fore    planting,     in     order 
that  the  soil  at  the  bottom 
may     become     thoroughly 
aerated    and    be   moistened 
by  the  first  autumn  rains. 
For  November   planting  it 
is    recommended    that    the 
holes  be  made  in  June  or 
July,  since  at  that  time  the 
soil  is  still  moist  from  the 
spring  rains  and  hence  easy 
to  work.     In  a  light  soil  a 
native  laborer  can  dig  these 
holes  at  the  rate  of  fifty  a 
day,  • 

In  planting,  the  hole  is  about  half  filled  with  loose  soil.  The 
truncheon  is  laid  on  this,  the  side  on  which  the  bark  remains  and 
which  contains  the  buds  Ijeing  of  course  uppermost.  It  is  then 
pressed  down  and  covered  with  about  2  inches  of  soil.  Manure  is 
never  put  into  the  hole.  As  the  shoots  push  up,  the  hole  is  filled 
until,  two  or  three  years  after  planting,  it  is  nearly  level  with  the 
surface ;  but  it  is  desirable  to  maintain  a  slight  depression,  in  order  to 
hold  as  much  water  as  possible  around  the  young  tree. 

Of  the  numerous  shoots  that  spring  up  from  the  truncheons,  all 
are  preserved  the  first  year,  but  during  the  second  year  all  but  the 
two  most  vigorous  ones  are  removed,  and  during  the  third  year  only 
the  best  and  strongest  shoot  is  allowed  to  grow. 
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Occasionally  the  truncheons  are  planted  in  nursery  foiro  before 
being  set  out  in  the  orchard.  In  a  large  orchard  thus  established 
near  Sfax  that  was  visited  by  the  writer,  the  trees,  after  having 
grown  one  year  in  the  nursery  and  three  years  in  the  orchard,  were 
5  to  6  feet  high  above  ground.  Ordinarily,  olive  trees  grown  from 
these  large  pieces  of  old  wood  begin  to  bear  when  six  years  of  age, 
but  do  not  give  any  considerable  amount  of  fruit  until  ten  years  old. 

The  estimated  cost  of  planting  one  hundred  trees  in  the  manner 
above  described  is  $4.75  to  $5.30,  including  the  purchase  and  trans- 
portation of  the  cuttings,  digging  the  holes,  and  planting.  This  is 
only  possible  because  of  the  very  cheap  labor  obtainable  in  Tunis,  40 
to  50  cents  being  the  ordinary  day's  wages  of  laborers  in  the  olive 
orchards  at  Sfax. 

WATEBINO   THE    VOUflQ   TRBK8, 

While  the  olive  orchards  at  Sfax  are  not  irrigated  after  they  are 
once  established,  sufficient  ivater  for  that  purpose  being  unobtainable, 
it  is  usually  necessary  to  water  the  young  trees  during  the  first  sum- 
mer or  two  after  they  are  set  out.  For  this  purpose  the  water  of  wells 
and  cisterns  is  used.  There  seems  to  be  much  diversity  of  opinion  as 
to  the  number  of  waterings  that  are  necessary,  but  the  usual  practice 
appears  to  be  to  water  two  or  three  times  during  each  of  the  first  two 
summers  after  planting,  at  the  rate  of  5  to  10  gallons  to  the  tree  at 
each  watering.  Frequently  the  young  orchards  are  given  no  water 
during  the  second  summer.  In  one  plantation  visited  by  the  writer 
the  trees  were  watered  only  once  after  planting.  It  is  said  that  in 
exceptionally  rainy  years  no  watering  whatever  is  necessary  and  that 
the  trees  planted  in  such  years  make  the  best  growth.  The  labor  re- 
quired in  watering  is  a  considerable  item  in  the  expense  of  establish- 
ing an  olive  orchard  at  Sfax,  the  nearest  well  being  often  a  mile 
distant  from  some  of  the  trees."  The  natives  wafer  their  trees  by 
means  of  earthenware  jars  hohling  4  or  5  gallons,  but  on  the  large 
"  plantations  owned  by  Europeans  a  watering  cart  is  generally  used. 
To  facilitate  its  passage,  a  strip  of  land  6  feet  or  so  wide  on  either 
side  of  the  rows  of  trees  is  left  unplowed  during  the  summer.* 

"  Mlnangoln  eetima'tes  tbat  th<;re  sboiild  be  cue  well  to  ever;  570  acres  of 
orchard.     (I/Ollvier  en  Timlsle,  l!)i)l.  |>.  .17.) 

''As  a  Dienns  of  avoiding  at  leust  iiart  of  tills  laborious  watering,  It  was  sug- 
gested to  the  writer  by  M.  Louis  Urapjiler,  of  the  Service  des  Antlqult*^  et  des 
BeiiUK  Arts  at  Tunis,  tbat  a  practice  followed  by  the  Arabs  In  establishing 
orchards  In  ports  of  Algeria  wliere  water  is  scaix'e  mlt;bt  be  advautngeotisly 
adapted  to  dry-land  oMve  culture.  Tbls  consists  In  placing  In  tbe  bottom  of 
eacli  bole  in  which  a  young  tree  is  to  be  set  about  100  iHiunds  of  cactus  pads 
and  covering  tbem  with  a  thin  layer  of  soil,  upon  whicb  the  young  tree  Is 
set.  It  Is  said  tbat  a  supply  of  moisture  sufficient  to  last  two  years  Is  thereby 
assured.  It  woiild  seem  doubtful,  however,  whetber  au  adequate  supply  of 
moisture  would  thus  be  provided  and  niso  whether  good  coudltloos  for  the  roots 
of  the  young  trees  would  result  from  tbls  manner  of  {ilantlng. 
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Good  tillage  is  essential  to  successful  drj-land  olive  culture  as 
practiced  at  Sfas,  and  this  was  thoroughly  appreciated  from  the  be- 
ginning by  the  intelligent  nati\'es  who  broujrht  the  present  system 
into  general  use  once  more.  In  order  to  keep  as  much  moisture  as 
possible  in  the  soil,  a  dust  mulch,  which  reduces  evapomtion  to  a 
minimum,  is  maintained  on  the  surface,  especially  during  the  sum- 
mer. This  loose  condition  also  facilitates  absorption  of  the  rain  that 
falls  in  autumn,  winter,  and  spring.  Furthermore,  the  greatest  care 
is  taken  to  destroy  all  weeds  that  appear.  Bermuda  grass  is  the  most 
troublesome  of  these,  much  of  the  land  suitable  for  olive  culture 
around  Sfax  being  thoroughly  infested  with  it.  As  it  is  advisable 
to  extirpate  this  weed  before  the  trees  are  set  out,  the  best  results  can 
sometimes  be  had  when  planting  Ih  postponed  until  the  second  year 
after  work  on  the  orchard  is  begun.  The  following  method  is  recom- 
mended by  Minangoin  for  getting  rid  of  Bermuda  grass. 

A  shallow  plowing— to  a  depth  of  only  3  or  4  inches — is  given 
with  the  rude  Arab  plow,  followed  by  a  harrowing,  or  preferably 
two  cross  harrowings.  In  this  way  the  soil  is  pulverized  and  the 
grass  roots  are  turned  up  and  exposed  to  the  sun  and  air.  On  the 
other  hand,  a  deeper  plowing  would  only  hury  the  rootstocks  out  of 
reach  of  the  teeth  of  the  harrow  and  the  shoots  would  quickly  find 
their  way  to  the  surface  again.  The  land  is  then  gone  over  witli  a 
rake— generally  the  primitive  Arab  instrument  known  as  the  "mes- 
saba"— and  the  rootstocks  gathered  up  by  it  are  burned.  A  second, 
somewhat  deeper  plowing,  followed  again  by  the  harrow  and  the 
rake,  is  said  to  be  in  most  cases  effective  in  extirpating  the  grass. 

A  different  plan  requiring  much  more  time  and  labor,  although 
equally  effective,  is  generally  followed  by  the  Arabs,  Instead  of  the 
plow  they  use  the  "maacha"  {see  fig,  5).  an  instrument  made  like 
a  plow,  but  having  in  place  of  a  share  a  flat,  thin  bar  about  2J  feet 
long,  set  so  that  its  front  edge  slants  toward  the  ground  and  adjust- 
able so  as  to  cut  the  soil  at  the  desired  depth.  It  otherwise  resembles 
the  native  plow  and  is  guided  in  the  same  way.  This  implement  is 
passed  over  the  laud  at  intervals  of  a  week  or  two,  es[>ecially  in  sum- 
mer, but  also  a  few  days  after  every  rainfall  in  winter  and  spring. 
The  maacha  does  not  remove  the  roots  but  is  set  so  as  to  cut  off  the 
grass  stems  an  inch  or  so  below  the  surface  of  the  soil.  As  a  result 
the  roots,  deprived  of  leiives,  finally  rot  in  the  gi-ound.  It  is  some- 
times necessary  to  use  the  maacha  a  dozen  times  in  rapid  succession 
before  the  land  is  clean.  The  instrument  as  used  by  the  natives 
requires  a  great  deal  of  strength  to  operate.  The  driver  must  stoop 
and  throw  the  whole  weight  of  his  body  against  the  handle  bar;  but 
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an  improved  form  devised  I'v  a  French  colonist  at  Sfax  can  be  guided 
by  a  man  standing  erect  with  his  hands  on  the  bar. 

The  importance  attached  to  getting  the  land  clean  is  shown  by  the 
fact  that  the  "  mVharci "  contract  (see  p.  34)  is  not  considered  to 
have  terminated  until  the  Bermuda  grass  has  been  extirpated.  The 
extraordinary  precautions  taken  to  get  rid  of  this  weed  show  how 
essential  clean  culture  is  considered. 

After  the  land  has  been  cleared  of  weeds,  it  is  worked  less  often. 
To  obtain  the  best  results,  however,  it  is  necessary  to  plow  at  least 
three  times  every  year,  irrespective  of  the  age  of  the  trees.  The  Arab 
plow,  set  to  a  depth  of  about  4  inches,  is  generally  used.  One 
authority  recommends  that  the  first  plowing  be  given  in  the  winter, 
immediately  after  the  harvest,  in  order  to  loosen  the  soil  that  has 
been  trampled  down  in  the  proc- 
esses of  harvesting  and  prun- 
ing. The  second  plowing  should 
take  place  in  spring,  after  the 
trees  have  blossomed,  and  the 
third  in  August  or  September, 
Many  growers,  however,  omit 
the  plowing  in  summer,  and  on 
some  large  plantations  only  a 
single  plowing  is  given,  soon 
after  the  harvest  is  finished,  A 
marked   benefit   results   if  the 

Pig.  6.— Tbe''ma«:ha,"  theloolusedbylhoArata       soil  is  stirred  to  a  greater  depth 

(li^r^S^^T™'"^'^"^"''"""^'"  ^'^^^  *  yr^nch  plow  once  every 
two  or  three  years.  It  is  con- 
sidered advisable,  however,  not  to  plow  deeper  than  10  inches,  to  avoid 
injury  to  the  roots  of  the  trees.  In  addition,  the  maacha  is  passed 
over  the  land,  especially  after  a  rain  in  winter,  as  often  as  is  neces- 
sary to  keep  down  the  weeds  and  restore  the  mulch.  At  least  three 
cultivations  a  year  with  the  maacha  are  considered  essential.  The 
natives  as  a  rule  do  all  their  cultivating  with  the  maacha,  using  the 
plow  only  in  preparing  the  land  for  seeding  to  grain. 

It  is  customary  during  the  winter  to  keep  around  each  tree  a  shal- 
low basin  of  the  depth  reached  by  the  Arab  plow.  This  is  at  first 
simply  the  nearly  filled  up  hole  in  which  the  tree  was  planted,  but  is 
extended  as  the  tree  increases  in  size,  so  as  to  be  always  a  little  greater 
in  diameter  than  its  spread  of  foliage. 

In  summer  the  ground  is  cultivated  up  to  the  bases  of  the  trees,  but 
each  autumn  the  surface  of  the  basins  is  packed  down  and  made 
smooth,  so  as  to  facilitate  gathering  the  fruit  that  drops  to  the  ground 
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during  the  harvest,  which  would  be  hard  to  pick  up  from  plowed 
ground.  The  basins  also  serve  the  important  purpose  of  catching 
and  holding  rain  water  around  the  bases  of  the  trees  during  the  win- 
ter and  spring.  In  one  plantation  visited  by  the  writer  there  were 
two  short,  shallow  trenches,  converging  in  V-shape,  as  shown  in  figure 
6,  on  the  uphill  side  of  each  tree,  which  serve  to  conduct  the  surface 
water  after  rains  to  the  basin  around  the  tree." 

The  suggestion  was  made  to  the  writer  by  a  French  tenant  on  one 
of  the  new  olive  orchards  near  Sfax  that  the  rain  which  falls  upon 
the  surface  of  the  orchard  could  be  better  utilized  if  only  an  area 
around  each  tree  corresponding  in  ext«nt  to  that  occupied  by  its 
roots  were  cultivated,  leaving  a  strip  of  smooth,  unplowed  ground 
between  each  two  neighboring  trees.  The  water  falling  on  the  lat- 
ter would  run  off  the  hard  ground  between  into  the  cultivated  areas 
around  the  trees.  As  a  result  of  the  existing  practice  of  keeping  the 
entire  surface  of  the  orchard  cultivated,  all  the  water  is  absorbed 
where  it  falls,  and  in  the  middle  of  the  spaces 
between  the  trees,  at  least  while  the  latter  are 
young,  sinks  into  the  ground  without  reaching 
their  roots.  After  the  trees  have  reached  their 
full  growth,  however,  it  is  probable  that  their 
root  systems  occupy  practically  the  entire  area 
of  the  orchard. 

Until  the  olive  trees  begin  to  bear  a  consider- 
able quantity  of  fruit,  i.  e.,  usually  until  they 
are  about  ten  j-ears  old,  field  crops  are  fre-  ^'"-  "■— i>i«ttfam  i 
quently  grown  among  them,  but  after  that  time.  conduciiQK  i 
and  sometimes  after  the  sixth  year,  all  such  ^'^^  "•  '''^  ''"*  °' 
crops  are  rigorously  excluded.  Barley  is  the 
crop  that  is  most  often  gmwn  in  the  young  orchards,  although  wheat 
and  horse  beans  (Viria  faba)  are  also  grown.  All  these  are  fall- 
sown  crops.  Wheat  is  a  more  uncertain  crop  than  barley  at  Sfax 
and  is  thought  by  tlie  natives  to  draw  more  heavily  on  the  scanty 
supply  of  moisture  in  the  soil.  Even  barley,  though  sown  every 
year,  can  be  counted  upon  to  give  a  good  crop  only  once  in  three 
years.  In  some  orchards  barley  and  horse  beans  are  grown  in 
rotation. 

From  the  a»itset,  however,  strips  of  ground  10  to  12  feet  wide,  in 
the  center  of  which  ai-e  the  rows  of  trees,  are  left  absolutely  bare. 
These  are  widened  and  the  area  devoted  to  small  crops  is  pmpor- 
tionately  diminished  each  year  until  the  olives  begin  to  bear,  when 
the  land  is  left  entirely  to  the  trees. 

•  The  same  practice  obtains  also  In  weaterii  AlRerta.  See  Trabut,  L„  L'OIlvler, 
Bui.  21,  Sen'.  Bot.  Gouvemm.  Gfiu.  de  I'Alfrfrie.  1900,  p.  41. 
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MANURING. 

Chemical  fertilizers  are  not  used  at  Sf ax,  and  even  the  application 
of  barnyard  manure  is  rather  the  exception  than  the  rule,  although 
it  is  admitted  that  a  marked  increase  of  yield  can  be  obtained  by  this 
means.  Domestic  animals  are  few  in  the  Sfax  region,  and  in  tlie 
extensive  orchards  recently  planted  by  the  French  on  the  edge 
of  the  olive-growing  district  manure  is  often  almost  unobtainable. 
Some  of  the  richer  natives  who  own  the  older  orchards  near  the  town 
are  better  situated  in  this  respect. 

The  first  application  of  manure  is  said  to  be  generally  given  when 
tlie  trees  are  10  to  12  years  old,  and  thereafter  is  repeated  every  four 
or  five  years  at  the  rate  of  100  to  200  pounds  to  the  tree.  The  qianure 
is  buried  near  the  foot  of  the  tree,  the  following  method  of  putting  it 
in  being  recommended  by  the  manager  of  one  of  the  large  French 
plantations;  A.  trench  about  6  feet  long,  2  feet  wide,  and  2  feet  deep 
is  dug  on  the  uphill  side  of  the  tree,  about  G  feet  distant  from  its 
base,  and  is  filled  with  well-rotted  mixed  barnyard  manure.  For- 
merly the  manure  was  buried  around  the  tree  at  its  very  foot,  a  prac- 
tice that  frequently  injured  the  bark  of  the  crown. 


One  can  not  visit  the  older  olive  orchards  around  Sfax  without 
being  impressed  by  the  symmetry  of  the  trees  and  the  uniformity  in 
size  and  shape  of  their  tops.  This  regularity  is  due  to  the  great 
care  that  is  given  to  the  matter  of  pruning.  Certain  of  the  natives 
who  are  adepts  at  this  work  and  can  prune  on  an  average  eight  or  ten 
trees  a  day  receive  60  cents  a  day  for  their  services.  The  cost  of 
pruning  is  partly  and  sometimes  fully  covered  by  the  value  of  the 
wood  removed  in  the  proees.s,  firewood  being  scarce  and  dear  in  that 
region.  The  larger  branches  are  removed  with  a  saw  and  the  smaller 
ones  with  a  priming  hook,  care  being  taken  to  make  clean  sections. 

From  the  time  the  trees  are  three  years  old  until  they  begin  to 
bear  they  are  trimmed  a  little  every  year,  just  enough  to  give  them 
the  [jroper  shape.  Severe  pruning  of  the  J'oung  trees  is  avoided,  as 
it  interferes  with  the  pro])er  development  of  tlie  root  system,  upon 
which  so  much  depends  in  the  dry  climate  of  Sfax.  During  the 
first  two  or  tliree  years  it  is  considered  inadvisable  to  prune  the  root 
sboot  that  has  been  selected  to  form  the  trunli,  as  otherwise  it  will 
grow  up  rapidly  into  a  spindling,  little- branched  stem.  When  the  tree 
is  three  years  old  the  terminal  shoot  is  cut  off,  and  the  first   four 

"  Miicli  of  the  iuformtitlou  coiitolnod  In  this  sectlou  is  takeu  from  MinangolD, 
K..  L'Ollvter  eti  Tunlsle,  Tunis,  lUOl,  a  imbllcatlon  that  has  beeu  freely 
Consulto<l  hi  jireimring  the  cliapters  <iii  cultural  methods. 


^d  by  Google 


PRUHIKG    OL!VE    TEEES.  29 

branches  below  it  are  allowed  to  develop,  all  branches  farther  down 
the  stem  being  suppressed  (fig,  7).     It  is  said  that  Iwaring  commences 
on  an  average  two  years  earlier  when  the  terminal  shoot  is  removed 
than  when  it  is  allowed  to  remain.    The 
removal  of  the  apex  of  the  stem  causes 
the  four  branches  that  are  left  just  below 
it  to  ascend  obliquely  instead  of  spread- 
ing horizontally.     The  year  following 
the  tips  of  these  four  branches  are  in 
turn  removed  and  nil  but  one  of  their 
lateral  twigs  are  cut  back  (fig,  8).     Dur- 
ing the  iifth  year  new  twigs  begin  to 
shoot  out  from  the  buds  on  the  stumps 
(fig.  9)   and  the  young  tree  begins  to 
assume  definite  form. 

The  pruning  is  directed  so  as  to  secure 
a   symmetrical,   well-rounded    top    (PI.      *■'"-     t.— Sketch     ihowiDR     ite 
T  1   Til     TT7-     n       n\        -iu    ..\.      1       1-  proper  form  to  give  In  prunlnji 

I   and   PI.   IV,   fig.   2)    with   the  leading  a      tntM-year-oM      oUve      tree. 

branches  at  regular  intervals  and  rather         The  dotted  iinee  lodicate  ibe 
far  apart.     Care  is  taken  to  prevent  the         (After  Mimngoin.) 
tree  from  becoming  so  tall  as  to  make 

harvesting  difficult,  the  ideal  being  a  height  that  equals  the  spread  of 
the  f  obage.     The  inner  branches  are  kept  well  thinned  out,  so  as  to  in- 
sure the  access  of  as  much  light  as 
possible    to    all    the    fruit-bearing 
twigs.     The  rapidly  growing  erect 
shoots,  which  absorb  much  of  the 
sap  of  the  tree  and  bear  little  or  no 
fniit,  are  removed,  except  those  that 
are   destined    to   become    the    main 
branches.     Branches  growing  in  a 
horizontal  direction  or  inclined   to 
droop  at  the  end  are  favored.    The 
yield    largely    depends    upon    the 
attention  given  to  these  points.  The 
superiority  in  size  of  trees  and  the 
greater  magnitude  and  regularity  of 
yield  shown  by  the  Sfax  orchards  as 
Fia.  8.— The  tree  shown  In  fluure  T  as     compared  with  those  of  other  parts 
M^Xoirr  ""''  "'""  "'""   ""'"     «f  Tunis  are  largely  attributed  to  the 
care  with  which  the  pruning  is  done. 
When  the  trees  begin  to  bear,  biennial  pruning  is  generally  sub- 
stituted for  annual,  and  the  operation  is  usually  performed  imme- 
diately after  the  harvest,  in  January  or  February.     On  some  plan- 
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tations,  however,  the  trees  are  pruned  lightly  every  year,  and  this  is 
said  to  insure  larger  yields  year  in  and  year  out  and  to  cause  less 
injury  to  the  trees.  In  annual  pruning,  the  custom  is  to  prune 
lijrhtly  after  a  small  crop  in  order  to  secure  a  heavj'  crop  the  season 
foUovring.  After  a  good  crop  a  thorough  pruning  is  gi^en,  as  the 
same  tree  will  not  yield  heavily  two  years  in  succession, 

HARVESTING. 

Olives  commence  to  ripen  at  Sfax  in  October,  those  borne  by  the 
youngest  trees  being  the  first  to  mature.     The  harvest  ordinarily 
begins  in  the  latter  part  of 
October  and   lasts  until  the 
end    of   January,   but   when 
the  crop  is  unusually  heavy 
it  sometimes  continues  until 
March  or  even  April.     The 
fruit   is  mostly  sold   on  the 
tree,  the  buyer  taking  charge 
of  the  harvest.     In  this,  as 
in   ail   operations   connected 
with   olive  growing,  greater 
care  is  taken   at   Sfax   than 
in    most    olive  -  producing 
regions.     The    harvester    bj* 
means    of    a    double    ladder 
{see   PI.    I,    frontispiece)    is 
able   to  gather  most  of  the 
fruit  by  hand.     The  use  of 
a   pole  is  avoided  as  far  as 
possilde,  since  the  olive«  are 
likely  to  be  injured  by  bruises  when  knocked  off.    Moreover,  many  of 
the  young  twigs,  which  are  to  bear  the  crop  of  the  following  year, 
ate  destroyed  when  this  method  is  followed.     In  pruning,  the  im- 
portance of  making  every  part  of  the  tree  as  accessible  as  possible  to 
the  harvester  with  his  ladder  is  taken  into  consideration. 

The  natives  are  very  dexterous  in  gathering  the  fruit,  holding  the 
branch  with  the  left  hand  and  stripping  it  with  the  right,  three  fin- 
gers of  which  are  armed  with  the  tips  of  rams'  horns,  worn  like  thim- 
bles. The  fruit  is  rtrijiped  oi?  into  a  basket  which  is  fastened  to  the 
ladder.  Wien  full,  the  basket  is  lowered  to  the  ground  liy  means  of  a 
cord.  It  is  then  emptied  by  the  women  upon  pieces  of  cloth  or  mat- 
ting, and  the  fruit  is  freed  from  the  debris  of  leaves,  twigs,  etc, 
mixed  with  it.  Finally  the  olives  are  packed  into  large  panniers,  two 
of  which  make  up  a  camel  load  (450  pounds).     In  the  evening  or 
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very  early  in  the  morning  these  baskets  are  loaded  upon  camels  and 
are  thus  transported  to  the  factory.  MTien  received  there  they  are 
placed  in  shallow  cement  tanks  without  covers  and  are  left  exposed 
to  the  weather  for  three  or  four  days.  This  renders  them  soft  and 
permits  the  extraction  of  the  oil  with  much  less  pressure  than  is 
n-qirired  when  freshly  gathered  fruit  is  put  into  the  presses. 

The  olives  are  sold  both  in  the  orchard  and  at  the  factory  at  so 
much  the  "  kaffiz,"  an  Arab  measure  containing  about  136  gallons. 
The  ordinary  price  paid  per  kaffiz  at  the  factory  is  $13  to  $1.^,  which 
is  an  advance  of  10  to  20  per  cent  on  that  paid  for  fruit  on  the  tree. 
The  price  of  a  kaffiz  of  olives  varies  as  much  as  $i  during  a  single 
season.     In  1899  it  rose  to  $20,  and  even  $22,  at  the  factory. 

YIELDS   OBTAINED. 

The  rapidity  with  which  the  orchards  come  into  bearing  depends 
largely  upon  the  tlioroughness  of  the  cultivation  given  them  and  the 
degree  of  skill  used  in  pruning.  While  well-tended  trees  sometimes 
bear  a  little  when  only  3  years  old,  neglected  trees  do  not  begin  to 
yield  until  they  are  12  or  15  years  old.  As  a  rule  it  is  eight  to  ten 
years  from  the  time  of  planting  before  any  considerable  quantity  of 
fruit  is  produced.  Well  cared  for  trees  that  are  10  years  old  are  con- 
sidered to  be  worth  $3  to  $3.50,  the  vnUie  increasing  to  from  $5.70  to 
$T.60  for  trees  15  years  old  and  from  $9.50  to  $13.30  for  trees  25  years 
old.  "WTien  they  reach  the  age  of  25  years  the  trees  are.  generally  in 
full  bearing.  According  to  one  authority,  however,  the  yields  con- 
tinue to  increase  up  to  the  aee  of  40  years.  Minaneoin  "  gives  the 
quantities  of  fniit  and  of  oil  from  trees  of  different  ages  as  follows: 


AeeoItlM. 

YleMot 

Perrrntnm 

of  WPlBllt 

of  on. 

Absolirte 
quantity. 

Trail 

P«reoil. 

flallo-j 

It  is  evident  from  the  data  given  in  Table  IV  that  not  only  the 
total  yields  of  fruit  and  oil  but  the  percentage  of  oil  to  fruit  by 

"  MlnaiiKoln.  N.     Culture  ac  I'Oltvier     •     •     •     lians  le  Centre  de  la  Ttinlale, 
Tunis.  1900,  p.  16.    In  the  original  the  quantities  are  of  course  given  In  liters, 

not   ^llOQB. 
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weight  increase  rnpidly  with  the  age  of  the  tree.  When  25  years 
old,  the  average  yield  of  oil  per  tree  is  about  6  gallons.  Some 
individual  trees  attain,  a  production  of  over  50  gallons  of  fruit, 
but  such  heavy  bearers  are  said  to  constitute  not  more  than  1  or  2 
per  cent  of  the  Sfax  orchards. 

After  the  trees  have  come  into  full  bearing  their  yields  are  said 
to  remain  stationarj'  until  they  are  50  years  old,  when  their  pro- 
ductiveness l)egins  to  decline.  When  80  years  old  the  yields  are  said 
to  diminish  and  become  very  irregular,  dwindling  to  almost  nothing 
in  trees  a  hundred  years  old.  If  thoroughly  pruned,  cultivated 
deeply  enough  to  lay  bare  the  roots,  and  well  manured,  however,  old 
trees  can  again  be  brought  into  bearing. 

The  crop  at  Sfajt  from  trees  over  20  years  old  is  said  to  be  worth 
on  ail  average  about  $2,  although  sometimes  attaining  from  $3  to  $4 
per  tree.  It  must  be  remembered,  however,  that  there  are  only  seven 
to  ten  trees  to  the  acre. 

It  is  instructive  to  compare  the  yields  given  in  Table  IV  with 
those  obtained  in  other  olive-growing  countries.  Thus,  in  Provence, 
in  southern  France,  well  cared  for  trees  in  full  bearing  are  said  to 
])roduce  an  average  of  only  3.9  to  5.3  gallons  of  fruit,  which,  if 
we  take  the  percentage  of  oil  to  be  about  half  what  it  is  at  Sfax, 
■would  give  about  O.C  gallon  of  oil.  Hence,  although  in  Provence 
the  trees  are  planted  only  33  feet  apart,  which  allows  about  RO  to  the 
acre  when  in  squares  and  70  when  in  quincunx,  the  yield  o£  oil  to  the 
acre  from  well-tended  orchards  would  still  fall  short  of  that  at  Sfax, 

The  olive  is  markedly  periodic  in  its  bearing  and  will  not  produce 
two  heavy  crops  in  succession,  no  matter  how  favorable  the  climatic 
conditions  may  be.  At  Sfax  the  rule  is  said  to  be  that  if  a  tree 
yields  heavily  one  season  it  will  give  a  medium  crop  the  second  and 
a  light  crop  the  third  season  following.  Different  trees  yield  heavily 
in  different  years,  so  that  every  year  some  trees  are  giving  their 
maximum  crop. 

In  January,  1900,  there  were  in  operation  at  Sfax  28  oil  mills 
operated  by  steam  power  and  48  native  mills  operated  by  animal 
power.  There  were  15  mills  controlled  by  Europeans  and  equipped 
with  modern  machinery.  The  total  number  of  presses  was  155,  of 
which  56  were  run  by  steam  and  99  by  animal  traction. 

HELATTON    OF   KAINF.\LL  TO   TIEli>S. 

It  is  interesting  to  compare  the  amount  of  rainfall  with  the  char- 
acter of  the  olive  crop  at  Sfax  during  each  of  a  series  of  years,  such 
a  comparison  being  given  in  Table  V  and  being  shown  also  in 
figure  10. 
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Table  V, — I'cnrly  rainfall  aitd  olive  proiUwIUin  at  Sfax  in  tin--  y<^arn  JS95  to 
ISO-i.  Incluiive.  the  latter  being  iidHcnfdd  hy  the  exports  of  olire  i/il  from  the 
port  of  Hfax  during  each  foUotcing  year. 
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Jve  oil  at  Marseille  with  the  Tolume  of  the  annual 
ence  that  the  prhe  la  the  chief  factor  in  delermlnlTig 
[t  1b  also  uncertain  to  what  extent  the  cumlnK  Into 
ardB  may  offwt  the  flRureB.  although  prreumahly  the 
ucllon  hna  tieen  a  gradual  one  and  not  likely  to  cause 

iherefore.  It  Is  lielleved  that  the  alioi^  fciPM  ate 
Top.     To  arrive  at  (he  total  aoDiial  production  of  oil 

to  (he  Heures  Id  the  calumu  bIiowIuk  quantity  pro- 
e  the  averane  amount  that  U  conaumed  locally  or 
urthern  Africa.     Tbia  is  Bald  to  vary  little  froai  year 


Although  the  records  do  not  cover  h  >Juffioieiitly  long  i>eriod  to 
establish  a  definite  relation,  it  would  appear  that  there  is  Home  con- 
nection between  the  «ize  of  the  crop  and  (he  iitnotint  of  rainfall  of  the 
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preceding  year  or  years,  but  not  that  of  the  spring  jireceding  the 
ripening  of  the  crop.     Thus,  the  comparatively  heavy  rainfall   (3.6 
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inches  above  the  normal)  in  1897  doubtless  had  something  to  do  with 
the  large  crop  of  1898,  although  the  total  rainfall  of  the  first  five 
months  of  the  latter  year  was  less  than  half  of  the  normal.  Again 
in  1901,  when  the  crop  was  less  than  half  the  average  of  nine  years, 
the  rainfall  for  the  .first  five  months  was  not  greatly  below  the 
norma!,  but  that  of  the  year  previous  was  less  than  half  the  normal, 
and  during  the  three  years  previous  the  annual  rainfall  was  only  a 
little  more  than  half  the  normal.  It  is  noteworthy  that  in  1900, 
after  two  years  of  rainfall  much  below  the  normal,  the  crop  was 
about  an  average  one.  This  was  probably  due  to  the  heavy  rainfall 
of  November,  1899,  which  was  more  than  three  times  the  normal 
for  that  month,  while  the  precipitation  during  the  first  five  months 
of  the  year  in  which  the  crop  was  made  was  less  than  40  per  cent 
of  the  normal," 

That  successful  olive  culture  without  irrigation  is  possible  with 
even  a  smaller  rainfall  than  the  normal  for  Sfax  is  indicated  by  the 
fact  that  the  oil  production  of  1903  was  only  a  little  below,  and 
that  of  1904  was  slightly  above,  the  average,  although  following 
periods  of  five  and  six  years,  respectively,  during  which  the  total 
annual  rainfall  was  only  about  60  per  cent  of  the  normal,* 


l\Tiile  some  of  the  French  owners  of  olive  orchards  near  Sfax 
manage  their  own  plantations  directly  or  through  foremen,  the 
majority  have  found  it  more  convenient,  and  until  very  recently 
more  economical,  to  follow  the  practice  of  the  native  proprietors 
and  enter  into  contracts  with  tenants,  or  "  m'rharcis."  The  latter 
are  natives  more  or  less  skilled  in  olive  culture  who  undertake  the 
planting  and  care  of  the  trees.  It  was  formerly  customary  to  ter- 
minate the  agreement  between  the  proprietor  and  the  m'rharci  when 
all  gaps  in  the  orchard  had  been  filled  by  replanting,  all  Bermuda 
grass  had  been  extirpated,  and  the  trees  were  beginning  to  bear, 
which  was  generally  accomplished,  eight  years  after  the  planting. 
It  is  now  more  usual  to  continue  the  agreement  until  the  trees  begin 

"After  tbls  bulletin  was  iii  tyi>e,  a  report  was  received  that  the  total  esports 
of  olive  oil  from  Sfnx  In  1!)00  (crop  of  1005)  amounted  to  502,000  gHllons,  which 
wflB  below  the  avemtte  for  tLie  [irecedhig  teu  years.  This  is  doubtlcBs  to  be 
explained  by  the  small  ralafalt  of  the  years  1902  to  10O4,  which  averaged  only 
about  60  )>er  cent  of  the  normal.  Ou  the  other  hand,  the  total  raiafall  In  1905 
was  0.0  Inches. 

*This  may  have  been  partly  due,  however,  to  the  rapid  extension  of  the 
orchards  during  the  pafit  twenty  years  having  begun  to  make  Itself  felt  through 
the  Increase  In  the  number  of  bearing  trees.  It  Is  to  be  regretted  that  no  data 
are  available  which  would  throw  light  on  the  InflaenL-e  of  this  factor  as  com- 
pared with  that  of  annual  variations  In  the  rainfall. 
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to  bear  sufficiently  to  pay  the  current  expenses  of  the  orchard,  i.  e., 
fop  about  ten  years.  At  the  expiration  of  the  contract  the  m'rharci 
receives  in  remuneration  for  his  services  one-half  of  the  area  planted. 
This  arrangement  has  the  advantage  of  retaining  in  the  neighbor- 
hood a  number  of  skilled  laborers  upon  whom  the  proprietor  can 
generally  depend  for  the  care  of  his  part  of  the  trees  after  the  con- 
tract has  terminated. 

The  division  of  the  trees  l)etween  the  proprietor  and  the  m'rharci 
is  made  by  drawing  lots,  under  the  supervision  of  the  amins,  who  act 
as  agricultural  magistrates,  and  whose  duty  it  is  to  settle  disputes 
between  employers  and  employees,"  It  is  said  that  the  amins,  al- 
though themselves  always  natives,  are  generally  fairly  impartial  in 
regulating  dilTerences  between  Europeans  and  their  mVharcis.  The 
proprietor  generally  seeks  to  have  the  plantation  dirided  in  such  a 
way  that  the  holdings  of  his  former  tenants  will  be  scattered  among 
his  own.  Many  of  the  m'rharci^  prefer,  however,  to  receive  money 
for  their  share  of  the  trees. 

At  the  beginning  of  the  contract  a  sum  amoimting  generally  to 
30  or  40  cents  for  each  tree  is  advanced  by  the  proprietor,  to  l>c  used 
by  the  m'rharci  in  purchasing  the  necessary  animals,  tools,  etc.  The 
loan,  which  bears  no  interest,  i.s  repaid  when  the  agreement  ends, 
usually  in  trees  from  the  m'rharci's  share.  The  proprietor  furnishes 
the  land,  while  the  m'rharci  aintributes  the  truncheons  that  are 
planted,  the  tools  and  animals  used,  and  all  the  labor  required  in 
clearing,  planting,  and  cultivating.  A  single  m'rharci  generally 
plants  and  cares  for  from  ISO  to  300  trees,  while  if  he  has  a  family  to 
aid  him  he  can  sometimes  handle  as  many  as  COO.  He  requires  one 
camel  for  plowing  and  cuUivating  every  25  acres.  The  entire  product 
of  the  field  crops  grown  in  tlie  orchard  during  the  first  few  years  is 
the  property  of  the  m'rharci,  unless,  as  often  happens,  the  proprietor 
furnishes  one-third  of  the  seed  used,  in  which  case  he  is  entitled  to 
from  one-fourth  to  one-third  of  the  crop.  It  is  estimated  *  that  under 
this  system  it  costs  about  $1.40  i>er  tree  to  set  out  an  olive  orchard  and 
care  for  it  until  it  is  10  years  old. 

Until  recent  years,  decidedly  better  results  were  obtained  under  the 
contract  system  above  described  than  when  the  proprietor  directly  or 
through  a  European  foreman  undertook  to  establish  an  orcliard ;  but 
the  former  method  is  becoming  every  year  more  expensive.  Many 
of  the  best  native  growers  now  have  trees  of  their  own  to  care  for 
and  are  no  longer  willing  to  bind  themselves  out  as  m'rharcis.  The 
m'rharci  no  longer  finds  on  the  land  to  be  planted  an  abundance  of 
old  trees  from  which  truncheons  can  be  obtained,  and  these  must 

"  See  Bui,  »2,  Bureau  of  Plant  Indiintry.  p.  32. 

»  HlnauKoln,  N.    L'Olivler  en  Tuuiste,  Tuuts,  11)01,  pp.  5t)  and  OS. 
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frequently  be  purchased  for  him  by  his  employer.  Furthermore,  the 
m'rharci  now  expects  his  employer  to  advance  him  40  cents  or  more 
instead  of  20  to  30  cents  per  tree  at  the  beginning  of  the  contract. 

But,  notwithstanding  the  increasing  expense,  the  contract  system 
still  has  decided  advantages.  Europeans  who  have  planted  and  cared 
for  orchards  by  hiring  laborers  under  their  direct  supervision  rather 
than  by  contracting  with  a  m'rharci  have  generally  found  their  ex- 
penses heavier  and  the  work — especially  that  of  getting  rid  of  weeds — 
less  efficiently  done.  Besides,  they  lose  the  advantage  of  having 
around  them,  when  their  trees  begin  to  bear,  a  number  of  their  former 
m'rharcis,  skilled  and  trustworthy  men  with  whom  they  have  been 
accustomed  to  deal  and  who  are  usually  willing,  for  moderate  wages, 
to  continue  the  cultivation  of  their  old  employer's  orchard  as  well 
as  of  their  own. 

Some  of  the  large  plantations  belonging  to  nonresident  Europeans 
are  managed  by  a  French  agent  or  foreman  under  contract  for  a  cer- 
tain period  (generally  ten  years).  He  receives  a  small  salary  ($30  or 
$40  a  month)  and  is  entitled,  at  the  expiration  of  his  contract,  to  a 
certain  percentage — usually  one-eighth  or  one-tenth — of  the  land 
planted  in  olives.  He  in  turn  either  hires  laborers  or  else  contracts 
with  native  tenants  or  m'rharcis  for  the  planting  and  cultivation  of 
the  orchard.  It  is  said  that  an  orchard  established  under  the  super- 
vision of  a  competent  foreman  will  yield  sufficient  fruit  after  eight 
years  to  pay  all  or  most  of  the  running  expenses, 

The  cultivation  of  the  orchard  after  the  m'rharci  contract  has  ex- 
pired is  carried  on  either  by  rwngaging  the  m'rharci,  in  which  case 
he  receives  one-third  or  one-half  of  the  crop  produced,  or  else  by 
hiring  day  laborers.  In  the  latter  case  it  usually  costs  the  owner  18 
cents  per  tree  annually  to  have  the  cultivation  and  pruning  done. 
If  paid  by  the  day,  a  laborer  earns  from  40  to  50  cents  when  engaged 
in  cultivating  or  plowing.  With  a  camel  he  can  plow  2^  acres  in 
two  or  three  days  and  can  cultivate  the  same  area  with  a  "  maacha  "' 
in  one  day.  For  pruning,  which  requires  special  skill,  a  man  re- 
ceives about  60  cents  a  day.  The  crop,  as  we  have  seen,  is  generally 
gathered  under  contract  by  the  purchaser,  the  harvesters  being 
usually  paid  with  a  share  of  the  fruit. 


Olive  orchards  occupy  large  areas  in  northern  Tunis,  notably 
in  the  neigliborhood  of  the  capital  itself  and  in  the  valley  of  the 
Mej'erda,  the  principal  river  of  Tunis.  In  this  region  the  annual 
rainfall "  is  sufficient  for  olive  production  without  any  special  meas- 
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uros  being  taken  to  conserve  the  soil  moisture.  The  olive  is  also  an 
important  tree  in  some  of  the  oases  of  southern  Tunis,  where  tlie 
scantiness  of  the  rainfall '  is  compensated  for  by  the  abundant  supply 
of  water  from  springs  that  is  available  for  irrigation. 

But  in  one  of  the  most  important  olive-producing  regions  in 
TuniSj  i.  e,,  that  surrounding  Susa  *  on  the  eastern  coast,  the  normal 
annual  rainfall  of  16.6  inches,  although  greatly  exceeding  that  at 
Sfax,  is  yet  so  small  as  to  make  it  ivorth  while  lo  employ  a  special 
method  for  utilizing  it  to  the  fullest  possible  e.xtent.  This  method 
is  very  different  from  that  used  at  Sfax,  and  in  its  way  is  almost 
equally  interesting.  The  countrj'  around  Susa  is  very  hilly,  being 
<iivided  by  limestone  ridges  into  small  valleys  and  ravines.  The 
bottoms  of  these  valleys  and  the  lower  slopes,  which  are  made  suf- 
ficiently level  for  the  purpose  by  u  system  of  terracing,  are  occupied 
by  sanall  basins,  separated  one  from  another  by  low  banks  of  earth. 
Each  basin  contains  a  few  olive  trees,  usually  only  from  two  to  eight. 
The  stonj'  upper  slopes  and  summits  of  the  ridges,  which  produce  a 
scanty  natural  growth  of  shrubs  and  grasses,  are  not  cultivated.  At 
intervals  along  these  slopes,  or  "  meskas,'"  as  they  are  termed  by  the 
Arabs,  are  shallow  trenches  running  obliquely  toward  the  bottom. 
These  are  so  arranged  as  to  catch  and  conduct  to  the  basins  as  nuich 
as  possible  of  the  rain  water  that  falls  upon  the  slope.  The  owner 
of  each  orchard  has  a  recognized  right  to  all  water  that  falls  upon 
the  slopes  adjacent  to  his  property.  The  basins  are  said  often  to 
remain  filled  with  water  during  the  month  of  Januarj-. 

The  heavier  texture  of  the  soil  around  Susa  as  compared  with  that 
at  Sfax  is  favorable  to  this  method  of  irrigation  by  rainfall,  as  it 
permits  the  water  to  flow  from  basin  to  basin,  instead  of  being  all 
quickly  absorbed  in  the  first  one.  It  is  generally  observed  in  this 
region  that  olive  orchards  that  are  watered  by  the  rain  that  falls  on 
the  "  meskas '"  give  larger  and  especially  more  regular  yields  tlian 
those  receiving  only  direct  rainfall. 

From  the  nature  of  the  case,  accurate  alignment  and  widely  dis- 
tant planting  of  the  trees  as  practiced  at  Sfax  are  out  of  the  question 
at  Susa.  The  trees  stand  comparatively  close  together,  so  tliat  there 
are  often  forty  to  the  acre  instead  of  only  seven  to  ten,  as  at  Sfax. 
Much  less  care  is  taken  to  cultivate  the  soil,  and  this  also  is  more  or 

'The  uorninl  annual  rainfall  lu  the  iinnin  of  Cntfm  l9  S.7>  Inclica;  in  that  of 
Gabes,  7.6  IncbeR;  In  that  of  Tozer.  .1.1  Inchen.  In  thp  naxls  of  Ei  Oudlane,  » 
miles  dlstunt  from  Tozer  (net-  Bulletin  '.Ki.  Biireiiu  of  Plant  Industry,  [>.  It!), 
there  ore  25,000  olive  trees,  with  nii  nveroge  yeorly  production  of  132,000  gallons 
of  oil. 

*  Susa,  better  known  by  its  PreneTi  niimo  of  Sonsse,  Iw  flb<iut  70  iuil<v  eouth' 
east  of  TniiiK  and  about  nu  (>qual  distance  north  of  Sfax. 
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less  inevitable  from  the  nature  of  the  ground ;  but  there  seems  to  be 
no  good  excuse  for  the  small  attention  that  is  paid  at  Susa  to  prun- 
ing, as  compared  with  the  thoroughly  scientific  way  in  which  this 
operation  is  performed  in  the  Sfax  orchards. 

Many  of  the  trees  have  several  trunks,  which  is  explained  by  the 
natives  as  having  been  due  to  a  violent  storm,  which  a  century  ago 
laid  low  most  of  the  olive  trees  around  Susa,  after  which  event 
several  shoots  at  the  base  of  each  tree  were  allowed  to  spring  up." 
The  greater  part  of  the  olive  trees  around  Susa  are  of  great  age, 
often  100  or  150  years  old,  it  is  said.  But  when  well  cared  for  with 
respect  to  cultivation  of  the  soil,  pruning,  and  manuring,  even  these 
old  trees  are  reported  to  give  good  returns,  netting  the  owners  in 
some  years  as  much  as  95  cents  to  the  tree,  or  $38  per  acre.^ 

BUlffHABT. 

(1)  Arboriculture  is  an  important  phase  of  dry-land  agriculture 
and  one  that  has  as  yet  received  little  attention  in  the  United  States. 

(2)  The  olive,  owing  to  its  peculiar  leaf  structure  and  to  the  char- 
acter of  its  root  system,  is  especially  fitted  for  growing  in  regions 
where  the  rainfall  is  slight  and  irrigation  is  impossible, 

(3)  Fifteen  hundred  years  ago  the  olive  was  grown  without  irriga- 
lion  under  a  rainfall  of  from  8  to  14  inches  over  an  extensive  region 
in  northern  Africa,  the  prosperity  of  which  in  Eoman  times  depended 
chiefly  upon  its  production  of  olive  oil.  A  vast  region  that  is  now 
practically  an  uninhabited  desert  was  then  covered  with  olive  orchards 
and  with  flourishing  cities  and  towns. 

(4)  During  the  last  hundred  years  much  progress  has  been  made 
in  reestablishing  dry-land  olive  culture  in  southern  Tunis,  There 
are  now  nearly  500,000  acres  of  unirrigated  olive  orchards  in  the 
neighborhood  of  Sfax. 

(5)  As  would  be  expected  from  its  nearness  to  the  Sahara,  the  cli- 
mate of  Sfax  is  almost  desert-like.  The  summers  are  very  hot  and 
the  average  annual  rainfall  is  only  9.3  inches,  sometimes  falling  below 
an  average  of  0  inches  for  seven  consecutive  years.  As  in  California, 
the  summer  is  the  dr^'  season  and  the  winter  the  wet  season. 

(6)  The  ground  water  lies  too  deep  to  be  reached  by  the  roots  of 
the  trees.     Xo  water  is  available  for  irrigation. 

(7)  The  soil  of  the  Sfax  region  that  is  considered  best  adapted  to 
olive  culture  is  a  red  loam  or  fine  sandy  loam  that  is  fairly  uniform 
in  texture  to  an  average  depth  of  seven  feet.  It  is  very  retentive  of 
moisture,  rich  in  lime  and  potash,  but  apparently  deficient  in  nitro- 
gen and  phosphoric  acid. 

a  Ml[niiijK)lii,  N.     I."(HlvltT  p(i  Timlslp,  Tunis,  1001,  i>.  32. 
^  Mluaui^uln,  X.,  1,  c„  i>.  54. 
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(8)  Only  one  variety  of  olive,  the  Chemlaly,  a  small-fruited  oil- 
producing  variety,  is  extensively  grown  in  the  Sfax  region.  It  is  a 
very  produtHive  variety  and  its  fruits  yield  an  unusually  high  per- 
centage of  oil. 

■  (9)  Wide  planting  and  thorough  cultivation  are  the  most  impor- 
tant principles  of  olive  culture  at  Sfax.  The  trees  are  planted  65  to 
80  feet  apart  in  each  direction,  giving  space  for  only  seven  to  ten 
trees  to  the  acre. 

(10)  The  olive  is  propagated  at  Sfax  by  means  of  large  truncheons 
or  pieces  of  old  wood,  each  containing  several  buds.  These  are  set 
to  a  depth  of  about  a  foot  in  holesii,  which  become  gradually  filled  as 
the  young  trees  grow  up.  During  the  first  summer  or  two,  two  or 
three  waterings  by  hand  are  usually  given.  All  shoots  but  the  best 
one  are  trimmed  away  within  three  years  after  setting  out  the 
truncheon. 

(11)  A  good  dust  mulch  is  always  maintained  on  the  surface  of 
the  orchard,  and  weeds,  of  which  Bermuda  grass  is  the  most  trouble- 
some, are  kept  down  by  frequent  cultivation.  As  a  rule,  the  soil  is 
stirred  by  a  shallow  plowing  three  times  a  year.  The  most  impor- 
tant plowing  is  the  one  that  immediately  foUowH  the  harvest.  After 
the  trees  begin  to  bear,  no  other  crop  is  allowed  to  grow  among  them. 

(12)  Great  care  is  taken  in  the  matter  of  pruning,  the  trees  being 
given  a  broad,  symmetrical  top.  The  interior  branches  are  thinned 
out  so  that  plenty  of  light  and  air  can  reach  all  the  fruit-bearing 
twigs.  Tlie  comparatively  sterile,  rapidly  growing,  erect  branches 
are  removed.  Skillful  pruning  is  an  important  factor  in  the  large 
yields  obtained. 

(13)  The  harvesting  is  done  by  hand,  more  than  usual  care  being 
taken  to  avoid  bruising  the  fruit  or  breaking  the  branches. 

(14)  After  eight  or  ten  years  the  trees  generally  yield  enough 
fruit  to  pay  the  current  expenses  of  the  orchard,  and  when  about  25 
years  old  they  are  in  full  bearing.  The  average  yield  per  tree  is  then 
about  24  gallons  of  fruit,  which  gives  C  gallons  of  oil. 

(15)  There  is  apparently  a  relation  between  the  yield  of  the  olive 
and  the  rainfall  of  the  previous  year,  but  none  between  the  yield  and 
the  rainfall  of  the  year  in  which  the  crop  is  made. 

(16)  In  another  part  of  Tunis,  where  the  rainfall  is  about  16.5 
inches  and  the  country  more  hilly  than  around  Sfax,  the  rain  that 
falls  on  the  slopes  is  collected  in  trenches  and  conducted  into  small 
basins  in  which  the  trees  are  planted. 
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DESCRIPTION  OF  PI^TEa 

I'l.ATE  I,  Front itpi^cc.  Ilurvesdiin  Clieuilnly  iiUveH  In  n  <lry-]niid  orchard  at 
Sfii\  In  Huiitlierii  Tunis.  Rlm-e  tlie  quullly  ft  the  oil  Is  Empalred  If  tbe 
fruit  becomes  bruised,  the  uwe  of  n  i)ole  Is  nvolded  nud  the  iilcker  uses  n 
ladder  to  reach  the  fru[t-l)eiirliit>  twlRx.  I'riinlng  Ih  uianaKcd  so  that  every 
IMirt  of  the  tree  cau  lie  readied  In  this  wnj-.  The  native  pickers  inx)tect 
their  fingers  with  tlie  lips  of  ranin'  Lnms  nud  <-an  tbiiit  Rtrlp  the  friilt  oIT 
the  twigs  n'ltlioiit  Injuring  tlieir  liauds.  Tlie  olives  are  collected  In  the 
large  baskets  shown  In  the  illnstmtion  and  nre  trausixirted  hy  camels  lo 
the  Aictory.  The  |ilate  alHo  shows  the  clean  cultivation  of  the  orchardR, 
the  dust  mulch  maintained  on  the  surface,  nud  the  care  with  which  [iruning 
Is  done. 

I'l.ATt  II.  General  vien'  uf  the  older  drj'-'und  olive  orchards  near  Sfax.  showing 
the  wide  jilantlng  and  clean  cultivation  iiractlced  iind  the  uniform  s]ifli>e 
given  the  trees  by  careful  i>run[ng.  The  leafless  trees  In  the  for^round 
are  figs,  thene  and  other  fruit  trees  being  o^'aslonally  planted  In  the  olive 
orchards  that  l>eloii(!  to  natives.  (Fmm  n  iihotogmpb  furnished  l)y  the 
Direction  des  Autiqnl»is  et  Beiiux  Arts  at  Tuuis.) 

I'LATB  III.  A  frult-heuriuK  iwig  of  the  Chemlaly  olive,  natural  sixe.  from  a  pho- 
tograph hy  M.  MInuugnlii.  The  frultH  cif  this  variety  are  xnialt  but  numer- 
ous and  are  very  rich  In  oil.    They  are  Jet  block  when  ripe. 

I'l.ATE  IV,  Fig,  ]. — Recently  planted  dry-land  olive  orchards  aljout  twenty  miles 
from  Sfax.  The  liew  shows  the  ciii-eful  allgnuieiit  and  wide  s|iaclag  of  the 
trees,  which  arc  80  feet  npart  each  way  uud  niimlHT  only  7  to  the  acre. 
.Moat  of  the  trees  shown  ave  from  feu  to  twelve  years  old.  The  hillside 
In  the  Immediate  foregroimd  and  that  In  the  left  ImckEroiind  are  unlit  for 
planting  to  olives  because  of  the  absence  of  soil,  a  calcareous  rock  comiiig 
to  the  surface  at  these  jiolnts.  Fig.  '2. — The  Interior  <)r  au  oldei-  olive 
orchard  at  Sfax,  showing  the  entire  absence  of  wee<ls.  the  great  distance 
between  the  trees,  and  the  well-rounded  symmetrical  form  of  tbe  trees 
due  to  HclentlUi-  ]n-uiiing.  The^e  trees  ale  about  thirty  years  old  and  are 
in  full  bearing. 
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Influence  of  climate 19 

mills,  ancient  Tunis,  construction 11 

ruins  In  Tunis 11 

Sfax,  numbers,  equipment,  control,  etc 13,32 

olive,  exports  from  Sfflx,lK!Ki-llKMt 33 

1006 34 

from  oases  of  Sahara  Desert,  resemhliiuce  to  tliut  of  northern 

Tunis,   cause 20 

percentage  of  weight  of  fruit  and  uvcrnt'e  yield  at  different 

ages  of  tree 31-32 

produced  In  limestone  regions,  quality 19 

supply  of  ancient  Itome  from  Tunis 11 

trade,  soutbeni  Tunis,  decline,  causes 12 

yearly  production  of  soutbeni  Tunis 13 

Olive,  Chemlaly.  adoptability  to  liot,  dry  cllmatu 20 

culture,  adaptation  to  dry  regions 3S 

ancient  Africa :tis 

congress  held  at  Tunis.  ISKS,  det-iHiou  as  to  orctmrds  and 

yield  of  Tunis  orchards 13 

introduction  of  [iresent  sylem V2 

methods  of  dry-culture  in  Tunis 1-1 

northern   Tunis 3G-38 

BOUtbem  Tunis,  revival _  3S 

Susn   regiou,   methods HT-A'i 

without  Irrigation,  iwssibi lilies  of  dry  climates 34 

orchard.    See  Orchai'd,  otlve. 

production,  yearly,  Sfai,  iStC-llKM 3;i 

1900 34 

tree,  age  for  hearing 24 

trees  aged,  in  Tunis ___  ii 

Chemlaly,  causes  of  large  yield  nt  Sfax 20 

number  i>lanted,  lS«2-100t 13 

variety  grown  in  Stax  region 30 

Olives,  marketing,  variation  iu  prices,  etc 31 

pickling  varieties,  need  of  uhundiinl  vvnter tOOqI^? 

prices '. ...  O^i 
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Ollvpfi,  propagation,  methods  at  Sfax 20-21 

wile  on  tree,  puatom 30 

time  of  rl|)eDlng TO 

Orcbards,  olive,  Algeria,  uae  of  caotiiB  jiads  Ly  Arabs  In  planting. „  24 

ancient  Tunis,  (lest  met  I  on  liy  Arabs 12 

extent 11 

conservation  of  niolstnre.  nielhixls  ut  Sfax 25-2S 

cultivation 27 

dlBtance  between  trees 22 

establishing,  steps , 21-27 

necessity  for  clean  culture 26 

propagation,  planting,  etc 19-30 

Provence,  France _  32 

restoration  In  Tunis,  encouraf^enient  by  government 13 

Sfax l!V3a 

age  at  whlcli  trees  pay  exijenses 30 

appearance  aud  yield 13 

clearing  the  laud 21-22 

cultivation    after    expiratloli    of   contract,    niniiatn^ 

ment,  exiienses,  etc 35 

extent,  IS81 _ 12 

growth  since  ISSl _.  13 

harvesting _ 30-31 

labor 34-36 

manuring 2S 

planting 22-24 

propagation 20-21 

proprietors,  requlrt-ments  by  rn'rcbarcls'  contract 35 

pruning 28-30 

relation  of  rainfall  to  yields 32r34 

tillage 25-27 

variety  grown 10-20 

wort  of  French  capitalists 12-14 

yields 31-32 

southern  Tunis,  prest'nt  extent 13 

Panniers,  use  in  marketing  olives 30 

Phosphoric  acid  content,  soils  of  Sflis  regliin 18 

Plstache,  cultivation  In  ancient  Tunis 11 

Planting,  olive,  time  and  method _.  23 

methods  at  Sfax 22-2S 

Plates,  description 42 

Plowing,  deep.  cleHrlng  laud  fur  olive  orchards 23 

methods  for  extirpation  of  Berniiida  grapw  In  ollic  orciiards 25 

olive  orchards 2(1 

Pole,  use  In  harvesting,  Injury  to  fruit  and  trees 30 

Populus  deltolUes.     .Sit  CottouwocKl. 

Potash  content  of  Biiils  of  Sfax  region IS 

Precipitation,  El  I'aao,  Tex.,  compared  with  Sfnx 15 

Fresno,  Cal.,  comiiared  wltli  Sfnx 15 

iflatl<m    to  olive  yield 32-34,30 

St.  Gi-orge,  Utah,  comiuircd  with  Sfax 15 

San  .\ntonlo,  Tex.,  compared  with  Sfax 15 

San  DIegii,  Cnl.,  comimred  with  Rfax 15 
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I'lvelpitatlon.  afax.  annual _ 15-16,33 

variation  /or  dlffereut  yL»arK IG 

Tucson,  Ariz.,  compared  wftb  Sftix 15 

Tunis _  8 

Vreeectt,  olive  oil,  stenm  and  animal  traptlnn,  iiniiihprN  iit  Sfnx 32 

I'rlcwi  of  olive  trees  at  dlffereut  ages 31 

olives  at  factory 31 

I'ronsEatlon  of  olive  at  Sfax,  luetlioda 20-21 

use  of  truncheons  at  Sfax 3!l 

lYuntng  olive  trees,  annual,  Sfax _- 20-30 

biennial,  time,  etc 29 

cost  by  tUeday ._ 36 

relation  of  oietbod  tii  liarvestini; 30 

Sfai,  coat — 28 

methodn... 27-30,30 

Susa  region 3fi 

Rainfall.    Sec  Precipitation. 

Blpenlng.  olive 30 

Root  shoots,  olive  tree,  iirunlnB 28 

Sfsteni,  olive  tree 10,22 

Run-off,  ntlllsmllon  In  olive  culture  In  Tunis _ 38 

Sagebrasli,  Sfex '    17 

Sahara  Desert,  olive  oil  of  oases,  ivHeuili lance  to  that  of  iiortbem  Tunla. 

causes _ 20 

Rand  content  of  soils  of  Sfax  region 18 

Sea  water,  use  in  Sfax 16 

Sfax,  climate H,  15-10, 3S 

olive  orchards ]!>-36 

precipitation,  anminl  average 1.^1(1 

varintlon  fordilTcreut  yfiirs 16 

region,  characteristlca... __ 14-19 

clininte,  deticriptlon ■ 1-1-17,38 

reeBtabtlshnient  of  olive  culture 12-14 

tempera  tti  re,  averaKC  monthly 14 

topogrjiphy,  veitetatlon.  soils,  ptc 17-10 

Shoots,  olive  truncheons,  mannxeuieiit 'J.t 

Silt  content  of  soils  of  Sfax  region IS 

Soils,  olive  culture,  high  lime  content  necessary 10 

Sfax  region 18 

chemical  aualyscH,  results... lS-10 

description 17-lfl..SS 

mechanical  analyses,  results .  IS 

water  content 17-18 

Susa  region,  compared  to  Sfax  region 37 

Stearin  content.  Ciiemlaly  olive  oil- ___ , 10, 20 

high  eonteut  In  olive  oil,  canws JO 

Suffetuia,  flourishing  condition,  third  to  scvenlh  century 10 

Summary  of  bulletin. 3>i-.3!) 

Susa,  annual  rainfall 37 

region,   topography 37 

situation - 37 
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Temi>erftture,  monthly  meau,  Sfax 

olive  culture,  lmiw>rtnnce.. 
Texas,  Ei  Paso,  precipitation  compared  wltL  Sfaz. 


Rail  Antonio,  iirecl  pita  Hon  comiwired  with  Sfax 15 

teniiwrnture  cliaugen  compared  with  Sfax 15 

western,  toixigraiili.v  eomiwred  witb  Sfax  region ■ 17 

Tillage,  olive  orchards,  Sfax _■ 25-28 

TojMigrflphy  of  Sfas  legion 1 17 

Tozer,  oasis,  annual  rainfall 1 37 

Trobut,  Dr.  L..  suggestion  for  use  of  (^hemlaly  olive  as  stock  for  larger 

fruit 20 

Trees,  olive,  age  for  maximum  yield 32 

pruning 28 

bearing  age,  differences,  causes 31 

cost,  flrst  ten  years 35 

of  planting 24 

full  bearing  age,  yield,  etc 39 

method  of  planting 13 

old,  disappearance,  Sfax 85 

treatment  to  bring  into  l>earing 82 

periodic  bearing,  cbiiracterl sties 32 

prices  for  dlffereut  ages 31 

pruning,  metbotls  nt  Sfax 28 

Susa  region,  i)eculiarlties  of  form 38 

Truncheons,  olive,  management 20,24 

planting  In  nursery  form 24 

use  in  proi>agation  of  olives 39 

Sec  also  Cnttings. 

Tunis,  climate  not  changed  since  ancient  times 10 

northern,  olive  culture .^ 36-38 

uninterrupted 12 

present  condition S-9 

Twigs,  olive  tree,  injury  by  use  of  pole  in  harvesting 30 

Vegetation,  natural,  Sfax  region 17 

Water,  absence  of  perennial  streams  In  Sfax  region 16 

scarcity,  Sfax  region '  38 

sea,  use  in  Sfax 16 

selling  in  Sfax 16 

Watering  olive  trees,  methods  nt  Sfax _ 24 

young  frees,  uecesBity,  methods  at  Sfax.  etc 24 

Wells,  numlwr  required  for  given  orcliard 24 

Sfax,  description 16 

Wheat  growing  In  olive  orchard 27 

Wood,  scarcity  and  need  at  Sfax 2S 

Yieids,  average,  <if  fruit  aud  oil  of  olive  trees  at  different  ages,  Sfas 31-32 
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LEHER  OF  TRANSMITTAL 


•  U.  S.  Department  of  Agbicultuee, 

BuBEAU  OP  Plant  Industbt, 

Office  of  the  Chief, 
WasUngUm,  D.  C,  December  li,  19ff7. 
Sib:  I  have  the  honor  to  transmit  herewith  the  copy  for  &  hulletin 
entitled ' '  Nomenclature  of  the  Pear ;  a  Catalogue-Index  of  the  Known 
Varieties  Referred  to  in  American  Publications  from  1804  to  1907," 
prepared  by  Mr.  W.  H.  Ragan,  Expert  in  Pomological  Nomenclature. 
The  manuscript  submitted  is  a  nearly  complete  compilation  of  the 
published  names  of  cultivated  varieties  of  pears,  accompanied  by 
brief  descriptions  and  histories  of  varieties,  including  origin,  form, 
size,  color,  texture,  flavor,  quality,  and  time  of  maturity. 

I  recommend  that  this  manuscript  be  published  as  Bulletin  No.  126 
of  the  special  aeries  of  this  Bureau. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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B.  P.  I.-SW, 

NOMENCLATURE  OF  THE  PEAR; 

A  CATALOGUE-INDEX  OF  THE  KNOWN  VARIETIES  REFERRED 
TO  IX  AMERICAN  PUBLICATIONS  FROM  1804  TO  1907. 


INTBODXrCTIOlI'. 

This  bulletin  is  the  second  (following  the  already  published ' '  Nomen- 
clature of  the  Apple")  in  a  contemplated  series  in  which  it  is  hoped 
that  the  names  of  all  the  cultivated  fruits  will  ultimately  be  published 
and  disseminated  for  the  information  of  those  who  are  interested  in 
the  correct  nomenclature  of  varieties. 

In  the  series  to  which  this  belongs  no  effort  is  being  made  to  include 
varieties  and  descriptions  from  foreign  authors.  Foreign  writers 
(other  than  those  of  our  near-by  neighbors  of  the  Canadian  Provinces, 
who  are  always  treated  as  our  own)  have  published  the  namea  of  many 
varieties  that  are  not  included  in  this  compilation.  It  is  true,  how- 
ever, that  an  occasional  reference  is  made  to  foreign  authors  as  having 
published  names  of  varieties  or  as  giving  descriptions  referred  to  in 
the  following  tables  in  the  column  devoted  to  remarks  and  presented 
as  historical  facts.  It  wilt  therefore  be  understood  that  this  is  purely 
an  American  work  and  that  what  is  to  be  found  in  its  pages  is  but  the 
reflex  of  the  literature  of  the  pear  as  it  occurs  in  pubhcations  of 
American  authors  and  writers. 

Many  American  writers  on  the  names  of  fruits  have  acknowledged 
in  varying  language  and  with  more  or  less  emphasis  that  our  nomen- 
clature is  in  a  deplorable  state  of  confusion,  and  each  has  regretted  his 
inability  to  accomplish  more  than  a  small  part  of  the  great  task  of 
correcting  and  simplifying  it.  This  confusion  is  the  result  of  a  combi- 
nation of  causes,  of  which  the  greatest  has  been  the  enormous  expense 
of  such  an  undertaking  and  the  little  promise  of  pecuniary  reward. 

Robert  Manning,  late  of  Salem,  Mass.,  who  established  in  1S23  the 
first  extensive  collection  of  varieties  of  fruits,  carefully  selected  and 
named,  in  this  country  and  who  realized  to  the  fullest  extent  the 
importance  of  correct  nomenclature,  said  in  the  introduction  to  his 
"Book  of  Fruits,"  published  in  1838: 

The  innumemble  errorB  in  the  names  of  fruits  arc  inconceivable  to  any  but  a  collector. 
It  is  very  desirable  that  there  should  l>e  some  acknowledged  standard,  to  whose 
authority  in  doubtful  cases  of  this  nature  we  might  appeal. 


^d  by  Google 


8  NOMENCLATURE   OF   THE   PEAB. 

Col,  Marshall  P.  Wilder,  the  long-time  president  of  the  American* 
Pomological  Society,  subsequently  said,  under  the  head  of  "Improved 
Nomenclature" : 

In  the  future,  we  desire  to  use  but  one  word  for  the  name  of  a  fruit,  aa  with  the  Bald- 
win apple,  the  Bartlett  pear,  the  Concord  gnpe,  and  other  renowned  fruits,  which 
will  be  perpetually  known  by  appropriate  and  easily  remembered  names.  In  a 
word,  we  desire  to  cetabliBh  a  system  of  nomenclature  which  ahall  be  pure  and  plain 
in  ita  diction,  pertinent  and  proper  in  its  application,  and  an  example  not  only  t« 
our  own  but  to  other  countries;  to  strike  off  the  hundreds  of  Beurres  and  Doyennes 
from  the  names  of  our  peats  where  it  is  possible  to  do  so,  and  to  write  hereafter  Anjou, 
Diel,  and  Bouaeock  in  the  place  of  Beurre  d'Anjou,  Bcurre  Die!,  Doyenne  Boub- 
Bock,  et«. 

The  necessity  for  such  an  improved  system  of  nomenclature  has 
grown  with  the  multiplication  of  varieties  and  the  increasing  impor- 
tance of  our  fruit  industries.  In  the  hope  of  supplying  this 
"improved  system  of  nomenclature"  the  Bureau  of  Plant  Industry 
of  the  United  States  Department  of  Agriculture,  in  cooperation  with 
the  American  Pomological  Society,  is  now  laboring  to  facilitate  the 
reform  so  earnestly  desired  by  Mr.  Manning  and  Colonel  Wilder,  and 
by  all  true  pomologists  of  subsequent  time. 

Among  our  stan<lard  fruits  the  pear  in  many  of  its  characteristics 
ranks  next  in  importance  to  the  apple,  and  is  therefore  made  the 
subject  of  this  publication.  In  collecting  data  for  its  foundation 
no  pains  have  been  spared  to  make  it  as  complete  and  as  reliable  as 
possible,  A  careful  and  painstaking  search  of  the  American  litera- 
ture of  the  pear,  extending  back  to  and  including  the  publication 
of  the  Domestic  Encyclopedia  in  1804,  enables  us  to  present  a  fairly 
complete  sjTionymy  of  its  nomenclature,  embracing  both  leading 
names  and  their  aj-nonyms.  These  have  been  arranged  in  alphar 
betic  order  and  with  special  reference  to  ease  and  facility  in  deter- 
mining any  and  all  questions  which  may  arise  in  connection  with  the 
nomenclature  of  the  pear. 

As  in  the  preparation  of  the  apple  bulletin,  the  code  of  nomenclature 
of  the  American  Pomological  Society  has  been  followed  in  the  naming 
of  varieties.  This  code,  as  already  indicated  in  the  quotation  from 
Colonel  Wilder  and  in  common  with  the  tendency  of  the  times,  inclines 
toward  ease  and  simplicity  in  varietal  nomenclature,  and  when  ap- 
plied to  the  pear  has  led  to  many  changes,  wliich  will  be  clearly  appar- 
ent to  the  student  of  pomology.  A  large  percentage  of  our  cultivated 
pears  originated  in  foreign  countries  and  have  come  to  us  with  names 
which  are  generally  long  and  difficult  of  pronuDciation,especiallyby  the 
uneducated  tongue,  and  aboun<l  in  superfluous  prefixes,  suffixes,  and 
meaningless  verbiage.  The  rules  cited  authorize  their  simplification, 
and  this  authority  has  been  freely  availed  of  in  the  preparation  of  this 
bulletin,  though  in  all  cases  in  which  changes  have  been  made  the 
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ordinal  name  appears  in  its  proper  place  as  a  synonym,  so  that  the 
student  will  have  no  difficulty  in  tracing  the  name  to  its  source  and 
also  in  detenmning  by  means  of  citations  the  authority  for  making  the 
change. 

It  is  not  claimed  that  all  names  that  appear  in  this  catalogue  as 
leading  names  represent  distinct  varieties,  as  it  has  often  been  impossi- 
ble to  determine  from  the  meager  information  obtainable  that  such  is 
the  case.  All  names  that  have  been  found  in  an  exhaustive  search  of 
the  literature  of  the  pear,  conducted  as  preliminary  to  the  completion 
of  this  work,  are  included  in  its  pages.  Concerning  some  of  these  no 
reliable  information  has  been  found,  and  of  course  they  are  only  given 
as  names  that  have  been  published  (the  citations  always  tell  where) 
for  what  have  been  claimed  to  be  distinct  varieties.  Many  of  these 
will  probably  prove  to  be  worthless  seedlings  or  old  and  already 
named  sorts,  along  with  which  they  must  ultimately  take  their  place 
as  synonyms. 

Some  instances  will  be  found  in  which  one  name  has  long  been  ap- 
plied to  two  or  more  distinct  varieties  which  it  may  not  now  be  advis- 
able to  change.  In  almost  all  such  cases  a  "distinguishing  term"  is 
used  to  designate  the  one  from  the  other,  as  in  "Jargonelle  (Eng.)," 
"Jai^onelle  (Fr.),"  "Bon  Chretien  (Sum.),"  "Bon  Chretien  (Win.)," 
etc.  (See  Rule  1  of  the  Code.)  Leading  names  are  printed  in  black- 
faced  type  and  synonyms  in  italics. 

In  order  that  the  Code  of  Nomenclature  may  be  fully  understood 
and  appreciated,  its  complete  text  is  herewith  presented: 


(Adopted  at  Boatnn,  Sepicm) 


Rule  1.  No  two  varieties  of  the  same  kind  of  fruit  shall  bear  the 
same  name.  The  name  first  published  for  a  variety  shall  be  the 
accepted  and  recognized  name,  except  in  cases  where  it  has  been 
applied  in  violation  of  this  code. 

A.  The  t«nn  "kind"  Eia  herein  iievd  shall  be  uodentood  to  apply  to  those  general 
diisBea  of  fniiu  whk'h  aro  gruuped  together  in  common  uaage  without  regard  to  their 
exact  botaniral  rclationahip,  ae  upple,  choiry,  grape,  peach,  plum,  raspberry,  etc. 

B..  The  paramount  right  of  the  originakir,  diacovfrer,  or  introducer  of  a  new  variety 
to  name  it,  within  the  limitations  of  this  code,  is  recognized  and  emphasized. 

C.  Where  a  variety  name  through  long  usage  has  become  thoroughly  eat&bliahed 
in  American  pomological  literature  tor  two  or  more  varieties,  it  should  not  be  dis- 
placed nor  radically  modified  for  either  sort,  eiccpt  in  caaee  where  a  well-known 
synonym  can  be  advanced  to  the  position  of  leadii^  name.  The  several  varieties 
betuing  identical  names  should  be  distinguished  by  adding  the  name  of  the  author 
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irho  firet  described  each  sort,  or  by  adding  some  other  suitable  distinguishing  t«rm 
which  will  insure  their  identity  in  cntaloguce  or  discussions 

D.  Existing  American  names  of  varieties  which  conflict  with  earlier  published 
foreign  names  of  the  same  or  other  varieties,  but  which  have  become  thoroughly 
eetablished  through  long  usage,  shall  not  be  displaced. 

FORM   OF   NAMES. 

Rule  2.  The  name  of  a  yahety  of  fruit  shall  conaiat  of  a  single 
word. 

A.  No  variety  should  be  named  unless  distinctly  superior  to  existing  varieties  in 
Bome  important  characteristic,  dot  until  it  has  been  determined  to  perpetuate  it  by 
bud  propagation. 

B.  In  selecting  names  for  varieties  the  following  points  should  be  emphasized: 
Distinctivences,  simplicity,  ease  of  pronunciation  and  spelling,  indication  of  origin 
or  parentage, 

C.  The  spielling  and  pronunciation  of  a  varietal  name  derived  from  a  persatial  or 
geographical  name  should  be  governed  by  the  rules  which  control  the  spelling  and 
pronunciation  of  the  name  from  which  it  was  derived. 

D.  A  variety  imported  from  a  foreign  country  should  retain  its  foreign  name,  sub- 
ject only  to  such  modification  as  is  necessary  to  conform  it  to  this  code  or  to  render  it 
intelligible  in  Ei^lish. 

E.  The  name  of  a  person  should  not  be  applied  to  a  variety  durii^  his  life  without 
his  express  consent.  The  itame  of  a  deceased  horticulturist  should  not  be  so  applied 
except  through  formal  action  by  some  competent  horticultural  body,  preferably  that 
wilh  which  he  was  most  closely  connected. 

P.  The  use  of  such  general  terms  as  seedling,  hybrid,  pippin,  peormain,  beurrc, 
rare-ripe,  damson,  etc.,  is  not  admissible. 

G.  The  use  of  a  possessive  noun  as  a  name  is  not  admissible. 

H.  The  use  of  a  number,  cither  singly  or  attached  to  a  word,  should  be  considered 
only  as  a  temporary  expedient  while  the  variety  is  undergoing  preliminary  test. 

I.  In  applying  the  various  provisions  of  this  rule  to  an  existing  varietal  name 
vhich  has  through  long  usage  become  firmly  embedded  in  American  pomolt^cal 
literature,  no  change  shall  be  made  which  will  involve  loss  of  identity. 

Rule  3,  In  the  full  and  formal  citation  of  a  variety  name,  the  aame 
of  the  author  who  first  published  it  shall  be  given. 

PUBLICATION. 

Rule  4.  Publication  consists  (1)  in  the  distribution  of  a  printed 
description  of  the  variety  named,  giving  the  distinguishing  characters 
of  fruit,  tree,  etc.,  or  (2)  in  the  publication  of  a  new  name  for  a  variety 
which  is  properly  described  elsewhere ;  such  publications  to  be  made 
in  any  book,  bulletin,  report,  trade  catalogue  or  periodical,  providing 
the  issue  bears  the  date  of  its  pubhcation  and  is  generally  distributed 
among  nurserymen,  fruit  growers,  and  horticulturists;  or  (3)  in  cer- 
tain cases  the  general  recognition  of  a  name  for  a  propagated  variety 
in  a  community  for  a  number  of  years  shall  constitute  pubhcation  of 
that  name. 

A.  In  detemuning  the  name  of  a  variety  to  which  two  or  more  names  have  been 
given  in  the  same  publication,  that  which  stands  first  shall  have  precedence. 
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Bttle  5.  No  properly  published  variety  name  shall  be  changed  for 
any  reason  except  confUct  with  this  code,  nor  shall  another  variety  be 
substituted  for  that  originally  described  thereunder. 

ABBANaSMENT  OF  THB  CATALOaiTE-INSEX. 

Ait  names  and  synonyms  of  varieties  are  arranged  alphabetically 
and  each  name  or  synonym  is  immediately  followed  by  citations  of 
American  authors  or  publications  in  abbreviated  form  that  have 
used  the  same,  and,  as  far  as  possible,  these  citations  appear  in  the 
chronological  order  of  their  publication ;  viz,  the  first  American  pub- 
lisher of  the  name  or  synonym,  as  the  case  may  be,  appears  first  in 
its  order  of  citation,  and  so  on  to  the  end.  Different  editions  by  a 
given  author  and  serial  publications  are  indicated  by  the  number  of 
the  volume,  the  date  of  the  copyright,  or  the  year  of  the  publication. 
In  the  case  of  standard  publications,  the  date  of  the  copyright,  when 
ascertainable,  has  always  been  given  the  preference. 

Immediately  following  these  citations  and  in  the  case  of  leading 
names  will  be  found  all  known  synonyms,  and  after  a  synonym 
its  true  name.  Thus,  "Sickel.  D'4S,415,'S7,443,'69,852.  T'75,555, 
'85,570,'97,714.  Syn.  of  Seckel"  means  that  Downing  and  Thomas 
in  their  several  editions  and  on  the  pages  cited  have  published 
"Sickel"  as  a  synonym  of  "Seckel."  Through  this  order  of  pubh- 
cation  and  citations  the  reader  will  be  enabled  to  find  the  variety  and 
what  may  be  said  of  it  in  any  publication  in  which  it  has  appeared 
and  which  has  been  discovered  in  our  search  for  names,  and  thus 
this  bulletin  will  prove  to  be  a  fairly  complete  index  to  the  American 
literature  of  the  pear. 

Following  the  publication  of  varieties  and  their  citations  will  be 
found  a  tabular  and  abbreviated  form  of  descriptions  that  will  aid 
greatly  in  conveying  a  correct  understanding  as  to  their  leading  char- 
acteristics, including  origin,  time  of  ripening,  etc.,  together  with  a 
column  for  remarks  in  which  many  additional  facts  are  briefly 
presented. 

ABBREVIATIONS    USED    IN    DESCKIPTIONS    OF    VARIETIES. 

The  following  abbreviations  are  used  in  the  descriptions  of 
varieties : 

Origin:  Araer,  America;  Eur,  Europe;  Eng ,  England;  For.,  Foreign;  Fr., 
F[»nce;  Maaa.,  Maasachuactte;  N,  Y,,  New  York,  etc. 

Farm:  a,  acute;  f,  flat;  obi,  oblong;  obo,  obovate;  obt,  obtuse;  ov,  ovate;  p,  pyri- 
Eorm;  r,  round;  t,  truncate. 

Siit:  1,  large;  m,  medium;  a,  small;  vl,  very  large;  vb,  very  sniall. 
12B 
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Color:  b,  bluahed;  br,  brown;  c,  cimmmon;  g,  green;  r,  red;  ru,  russet;  b,  striped; 
w,  white;  y,  yellow. 

TextxiTt:  b,  buttery;  c,  criap;  co,  coane;  d,  delicate;  g,  gritty;  j,  juicy;  m,  melting; 
t,  tough. 

Flavor:  a,  acid;  sa,  subacid;  p,  perfumed;  a,  sweet;  spr.  sprightly;  v,  vinoua. 

Qiialily:  b,  best;  g,  good;  m,  medium;  p,  poor;  vg,  very  good. 

Season:  e,  early;  m,  medium;  1,  late;  ve,  very  early;  vl,  very  late. 

ABBREVIATIONS   USED   IN   CITATIONS   OF   AUTHORS    AND  PUBLICATIONS. 

In  this  catalogue  many  publications  are  referred  to  in  abbreviated 
foim.  These  abbreviation!^  will  need  to  be  well  understood  in  order 
to  obtain  the  best  results  from  the  study  of  its  pages.  Several  classes 
of  publications  are  referred  to.  Standard  works  are  usually  indi- 
cated by  a  single  initial,  as  "D"  for  "Downing'a  Fruits  and  Fruit 
Trees  of  America,"  and  wherever  a  "D"  is  found  in  connection  with 
the  date  of  the  edition  and  number  of  the  page  it  means  that  Down- 
ing's  reference  to  the  variety  specified  may  be  found  in  the  edition 
referred  to  and  on  the  pt^  mentioned.  Trade  catalogues,  agricul- 
tural experiment  station  bulletins,  reports  of  societies,  and  period- 
ical and  other  publications  are  referred  to  in  a  similar  maimer,  each 
being  fully  explained  in  the  following  list: 


ALPHABmc  Liar  of  *BBBEVIAT10NS  rSBD  IN  DBHIGNATINO  THB  PUBLICATIONa  QUOTED. 

A Proceedings  of  the  American  Pomological  Society,  1852  to  1905,  in- 

ACT A.  Clark  Tuttle,  catalogue. 

ADB A.  D.  Barnes,  catalt^ue. 

ADF&S Mrs.  A,  D.  Freeman  4  Sons,  catalogue. 

AgR Reports  of  the  United  States  Department  of  Agriculture.  1847  to 

1893,  inclusive. 
AHCCAC- . .  A.  H.  C.  Chadboume  &  Co.,  catal<«ue. 

AHG A.  H.  Grieaa,  catalogue. 

AHM American  Horticultural  Manual,  Part  2,  1903,  by  Buddand  Hansen. 

AH<HtA American  Horticultural  Annual,  ISGS  to  1871,  inclutnve. 

AJC Arthur  J.  Collins,  catalogue. 

AJofll American  Journal  of  Horticulture,  monthly,  volumes  1  (1867)  to9 

(1871),  inclusive. 
AlaB BuUetina  of  the  Alabama  Experiment  Station,  Nos.  30,  98.  106,  112 

and  117. 

AlaNCo Alabama  Nursery  Company,  catalt^ue. 

Al&n Alexander  &  Hammond,  catali^ue. 

AmAg American  Agriculturiat,  weekly, 

AMaasH Addresses  of  Masachusetts  Horicultuial  Society. 

AMB .-. .  Amherst  (MaasachuBetts)  Agricultural  Experiment  Station  bulletins. 

AmF American  Farmer,  monthly,  1820  to  1881. 

AmGar American  Gardening,  1SS3  to  1902. 

AndX Andorra  NiUBeries,  catal(^e,  1895. 

AN&OCo....  Albaugh  Nursery  and  Orchard  Co.,  catalogue,  1894. 

AofH Annals  ot  Horticulture  in  North  America,  1889  to  1893,  inclusive. 

AP. A.  Pullen,  catalogue. 
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APC Report  of  the  American  Foranlogical  Congress,  vol.  1. 1850. 

AiizB Bulletin  No.  15  of  the  Arizona  .Agricultural  Experiment  Station. 

ArkU Transactions  of  the  Arkansas  State  Uorlicultural  Society, 

ARW A.  R.  Whitney,  catalogue.  1887, 

AS Special  Report  of  the  American  Pomolt^cal  Society,  1904-6. 

A&ll Alliertson  &  Hobbs,  catalogue. 

B Ban-y'a  Fruit  Garden   editions  of  1851  and  188S,  by  Patrick  Barry. 

BBCo Brown  Bros.  Co.,  catalogue.  1892, 

BBL Benjamin  Buekmon's  List  of  Fruits  in  Trial  Orchard. 

Bl The  Culture  of  the  Pi-arh  and  Piar,  edition  of  1886.  by  John  J. 

BUck,  M,  D, 

B(Ph)tJ Bloomii^on  (Phcenix)  Xutaery,  catalogue. 

Bui Bulletins  Nos.  6  and  8  of  the  Divixion  of  Pomology,  U.  S.  De- 

partmfnt  of  Agriculture,  1897  and  1899. 
C AVicwotlheCultivationof  Fruit  Trees,  edition  of  1817,  by  William 

Coxe. 

CAG Charles  A.  Green,  catalogue. 

CalB Bulletin  No.  147  ofthe  California  Agricultural  Experiment  Station. 

CalSBofH. . ,   Reports  of  the  California  State  Board  of  Horticulture,  1889  to  1902, 
OKCept  1890  and  1899-1900. 

CanExFr Reports  of  Canada  Experimental  Farms,  1894  to  1905,  inclusive. 

Canll Canadian  Horticulturist,  monthly,  1878  to  1905,  inclusive, 

CB ,   Bulletins  of  the  Cornell  (X.  Y.)  Agricultural  Experiment  Station. 

CBCo Chase  Brothers  Co.,  catali^ue,  1895. 

CBxFB Bulletins  of  the  Central  Experimental  Farm,  Canada, 

CExFR Reports  of  the  Central  Experimental  Farm,  Canada,  1894  to  1905, 

except  1897, 

CGen Country  Gentleman,  vols,  2  to  26,  inclusive. 

ChSC Cherokee  Xursery,  calalogue,  1893, 

CLW Charles  L,  Watroua,  catal<^uc,  1897, 

CNC California  Nursery  Co..  catalogue,  1893  to  1895, 

C(0)nS Reports  of  Columbus  (Ohio)  Horticultural  Society,  1886  to  1904,  ex- 
cept 1890  and  1895. 

Cole The  American  Fruit  Book,  edition  ot  1849,  hy  S.  W,  Cole. 

CoIH Tiansactions  ol  the  Colorado  State   Horticultural  Society,   1882  to 

1905,  with  a  few  omissions. 
CtP Transactions  of  the  Connecticut  Pomological  Society,  1891  ta  1003, 

inclusive. 
Cult The  Cultivator,  1834  to  1865.  when  the  Cultivator  was  merged  into 

the  Country  Gentleman. 
D The  Fruilfiand  Fruit-Troes  of  America,  editions  of  1845,  1857,  and 

1869,  by  A.  J.  and  Charies  Downing. 
Dap... Appendixes  1,2, and 3 toThcFruitsandFruit-Treesof America,  1872, 

1876,  and  1881,  by  Charles  I>owntng. 
DomEnc Domestic   Eocyclopedia,  first   American    edition,  1804,  article  on 

fruits,  by  Dr.  James  Mcaite, 
E Elliott's  Fruit  Book,  or,  ilie  American  Fruit  Grower's  Guide,  editions 

of  1854  and  1859.  by  F.  R.  Elliott, 
BFABC Oatalogueot  Fruit  Trees  on  Trial  at  the  Experimental  Farm,  Agassiz, 

B.  C,  Canada,  1900. 

EWK E,  W.  Kirkpatrick,  caUlogue,  1894,  1901. 

EYT E,  Y.  Teas,  catalogue,  1872, 1874. 

EAB Ellwanger  &  Barry,  catalogue,  18B0, 1894,  1895, 1901,  1902. 
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F Pear  Culture,  edition  of  1858,  by  Thomas  W.  Field. 

FDNCo Franklin  Davie  Nursery  Company,  catalogue, 

FEY Fred  B.  Young,  catalc«uc. 

FFAS Frank  Ford  &  Son,  catalogue. 

FGAofO Reports  of  the  Fruit  Growera'  Aasociation  of  Ontario,  Canada,  ISS2 

to  1905,  inclusive . 

PofO Fruita  of  Ontario,  edition  of  1898,  by  Linus  Woolvertou. 

FSP Frank  S.  Phoenix,  catalogue. 

Fi&G Farmer  and  Gardener,  1843  (copied  by  TraneactionB  of  th<^  Indiana 

Horticultural  Society,  1882,  p.  128). 
G The  Northern  Fruit  Cultuhst,  edition  of  1849,  by  Chauncey  Good- 

GaH ProceedingB  of  Georgia  State  Horticultural  Society,  1 87 Q  to  1904, 

with  a  few  omissions , 

GarCal The  American  Gardener's  Calendar,  by  Bernard  M'Mahon,  1806. 

GarM Gardeners'  Monthly,  1859  to  date,  with  omissionH. 

Gb NomencIaturftofourRusaianFruite,editionot  18a7,byCharleeGibb. 

GB Greening  Brothers,  catalogue. 

GBB G.  B.  Brackett,  catalogues,  1853,  1868,  1871. 

GCR George  C.  Roeding,  catalogue. 

GenF The  Genesee  Farmer,  1832, 1833, 18S4, 1837,  1838,  1839,  1840, 1841, 

and  occasional  numbers  later. 
GHH&S....  George  U.  Miller  d  Son,  catalogue. 

H Hooper's  Western  Fruit  Book,  edition  of  1857,  by  E.  J.  Hooper. 

Ha Harcourt's  Florida  Fruits,  edition  of  1886,  by  Helen  Harcourt. 

HAJ Horticultural  Art  Journal,  monthly,  1886, 1887, 1S88, 1889, 1890. 

HB Hand  Book  for  Fruit  Growers,  editions  of  1876  and  1903,  by 

F.  R.  Elliott. 

E6&T Hoopes  Brothers  and  Thomas,  catalc^e. 

HEH&B....  H.  E.  Hooker  ABro.,  catalogue,  1873. 

HMHS History  of  the  Massachusetts  Horticultural  Society,  edition  of 

1880,  by  Robert  Manning. 
Hof Hofiy's  North  American  Pomologist,  1860,  edited  by  William  D. 

Brinckle,  M.  D. 

Hort The  Horticulturist,  monthly,  1846  to  1875,  inclusive. 

Hov The   Fruits  of  America,   in  two  voiumee,  edition  of  1861,    by 

Charles  M.  Hovey- 

Huc Buntaville  Nursery  Company,  catalogue. 

laB Bulletins  of  the  Iowa  Agricultural   Experiment  Station,  Nos.  3 

and  31. 
laH Transactions  of  the  Iowa  State  Horticultural  Society,  1867  to  1905, 

except  1868  and  1S70. 

lEI I.  E.  UgentntzA  Sons,  catalc^es,  1899, 1901,  1902. 

IllH Transactions  of  the  Illinois  State  Horticultural  Society,  1860  to 

1905,  inclusive. 

IndF Indiana  Farmer,  monthly,  1840. 

IndH Transactions  of  the  Indiana  Horticultural  Society,  1861  to  1905, 

inclusive. 

JB JohnBidwell,  catalogue,  1893. 

JBW4B  ....  J.  B.  Wild  &  Bro.,  catalogue,  1892. 

JSCAS John  S.  Collins  &  Son,  catal(^e. 

J8K John  S.  Kerr,  catalogues,  1891,  1901. 

JVL John  Van.  Lindley,  catalogues,  1893,1895,  1896,  1S99,  and  1902. 
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K The  New  American  Orchardiflt,  edition*  of  1832  and  1841,  by 

William  Kenrick. 
KanH Transactione  ot  the  KanBaa  State  Horticultural  Society,  1874  to 

1906,  except  1876. 
KanFM Kansas  Fruit  Manual,  edition  of  1886,  by  the  State  Horticultural 

Society. 
L Name  modified  byMr.  T.  T.  Lyonasrhainnanof  acommitteeof  the 

American  Pomoli^cal  Society. 

LaB Louisiana  Slate  Experimental  Station,  Bulletin  No.  22. 

M TheBookof  Fruits,  edition  of  1838,  by  Robert  Manning,  reviaed  and 

republished  as  the  New  England  Fruit  Book,  by  John  M.  Ivea,  in 

1644  and  again  in  1847. 

MngofH The  Magazine  of  Horticulture,  monthly.  1S35  to  1860,  includve. 

MaeeH Transactions  of  the  Massachusetts  Horticultural  Society,  1837  to 

1905,  with  a  few  omisHions. 
MdH Transactions  of  the  Maryland  State  Horticultural  Society,  1898  to 

lEKK),  inclusive. 
MeP Transactions  of  the  Maine  State  Pomolt^cal  Society,  1ST3  to  1905, 

inclusivp. 
MH8C TranaartionBof  Montreal  (Canada)  Horticultural  Society,  1876  to  1888, 

inclusive. 
MichB BuUctineof  the  Michigan  Agricultural  Experiment  Station,  Noa.  31, 

104,  105,  177,  187,  194,  205. 
MichH Transactions  of  the  Michigan  State  Horticultural  Society,  1870  to 

1903,  inclusive. 

MichHort. . .  Michigan   Horticulturist,    monthly,  January  to  December,  1886, 

inclusive. 
MicbSB Special  Bulletins  of  the  Michigan  Agricultural  Experiment  Station, 

Nos.  27,  30,  and  35. 
MinnH Transactions  of  the  Minnesota  State  Horticultural  Society,  1874  to 

1904,  inclusive, 

UoH Transactions  of  the  Missouri  State  Horticultural  Society,  1859  to 

1904,  except  1874,  1875,  187f.,  1877,  and  1878. 

MVHS Transactions  of  the  Mississippi  Valley  (later  the  American)  Horti- 
cultural Society,  1883  to  1888,  inclusive. 

N Northwestern  Pomology,  ei'ition  ot  1894,  by  C  W.  Gumey. 

NAPC Transactions  of  the  North  American  Poraol<^caI  Convention,  1849. 

NebH Transactions  of  the  Nebraska  SUte  Horticultural  Society,  1885  to 

1905,  inclusive. 

NJH TranaattionB  of  the  New  Jersey  Horticultural  Society,  1876  to  1906, 

inclusive. 

NSFG TranaactiouB  of  the  Nova  Scotia  Fruit  Growers'  A»ociation. 

NWC N.  W.  Craft,  catalogue. 

NWFfi Tranaactionsof  thcNorth  Western  Fruit  Growem' Association,  1851, 

1652,  1855. 

NYC New  York  .Agricultural  Experiment  Station  Circular,  1890. 

OH Transactionsof  the  Obii.  State  Horticultural  Society,  1863  to  1904, 

except  1868,  1873,  and  1899. 
OntFG Transactions  of  the  Fruit  Growers'  Association  of  Ontario,  Canada, 

1869  to  1905,  except  1880  and  1881. 
OreH Biennial  Reports  of  the  Oregon  State  Board  of  Horticulture,  1891 

to  1903,  inclusive. 

P Reports  of  the  United  States  Pomologist,  1887  to  1896,  inclusive, 
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PaFS Reportflof  the  Pennsylvania  Fruit  Growers' Society,  1867  to  1876, 

incliuive. 

PF Prairie  Farmer. 

PE Traneactions  of  the  Peninsula  Horticultural  Sodety,  188S  to  1906, 

inclusive. 

PJB P.  J.  Berckmans  Co..  calali^uca,  1901,  1903,  1906. 

PNCo Pioneer  Nursery  Company, 'caulogue. 

Pr The  Pomological  Manual,  edition  of  18.31,  by  William  R.  Prince. 

Q Pear  Culture  for  Profit,  editions  of  1869  and  1883,  by  P.  T.  Quinn. 

R Name  modified  by  W.  H.  Ragan  as  chairman  of  a  committee  oi 

the  American  Pomological  Society. 

RAP Rakeatiaw  A  Pyle,  catalogue. 

S Fruit  Culture,  edition  of  1885,  by  William  C.  Strong. 

SBros Stark  Brothers,  catalogue,  1901. 

SBofA Special  Report  of  the  American  Pomological  Society,  1904-6. 

St South  Haven,  Michigan,  Experiment  Station,  hat  of  Mr.  T.T.Lyon. 

SW Silas  Wharton's  catalogue,  as  republished  in  Transactions  of  the 

Indiana  Horticultural  Society  for  1872,  108. 

S&H Storra  &  Harrison,  catalogue. 

T The  American  Fruit  Culturiat,  editiona  of  1875,  1885,  and  1897,  by 

J.  J.  Thomas. 

Th The  American  Orchardiat,  edition  of  1822,  by  James  Thacher,  M.  D. 

TVM T.  V.  Munson  &  Son,  catalogues,  1889, 1891, 1892, 1893,  1894,  1896, 

1899,  1900,  1902,  1903,  and  1904. 
VaH Transactions  of  the  Virginia  State  Horticultural  Society,  1898  to 

1904,  inclusive. 

WashH Biennial  Reports  of  the  Washington  State  Board  of  Horticulture, 

1891-2,  1893-4,  1895-6. 

Wg The  Fruit  Growera'  Hand  Book,  edition  of  1851,  by  W.  G.  Waring. 

WHR Western  Horticultural  Re\-iew,  monthly,  vola.  1  (1850-1),  2  (1851-2), 

3(1852-3),  and  4  (1854). 
WisH Transactiona  of  the  Wisconsin  Slate  Horticultural  Societv,  1870  to 

1905,  inclusive. 

WisHort Wisconsin  Horticulturist,  monthly,  March,  1897,  lo  February,  1903 

incluaive. 

WmP Wilham  Parry,  catalogue. 

Wn The  California  Fruits  and   How  to  Grow  Them,  Ist,  2d,  and  3d 

editions,  by  Prof.  E.  J.  Wickson. 
WNYH Transactions  of  Western  New  York  Horticultural  Societv,  1876  to 

1905,  except  1877,  1878,  1884,  and  188.5. 
WPr A   Short  Treatise  on   Horticulture,  edition  of   1828,   by  AVilliam 

Prince. 
WSL&Co . . .  William  S.  Little  &  Co.,  catalogue. 
WATSC ....   William  &  T.  Smith  Co.,  catalogue. 
YB Yearbook  of  the  United  Slates  Department  of  Agriculture,  1894 

to  1905,  inclusive. 
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Fruit  Experiment  Stations  op  Ontario.    Reports. 
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Froit  Gbowers'  AasociATioN  of  Ontario.    TranBactions. 
t'KuiTB  OP  Ontario.    Report  of  the  Ontario  Fruit  Experimental  Station  for  1868, 
Garoener'b  Monthlt.    1869  to  1874. 
Gbnebbk  Farmeh.     1832  to  1854. 
Gkorgia  State  Horticultural  Society.    Proceedinga. 
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AoRicuLTURAL  EXPERIMENT  STATION.     Bulletins, 
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Montreal  Horticultural  Society  (Canada).    Reports. 
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pKHNfiYLvAMiA  Fruit  Growers'  Socibtv.    Tranoirtions. 
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QiiNN,  P.  T.    Pear  Culture  tor  Profit.     188». 

RoBDiNO,  Geo.  C,    Catalc^ie. 

Stare  Brothers.    Catalogue. 

Storrs  &  Haxrjson.    (Catalogue. 
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No.   «T.  RugeliivestEgstliHisin  AcJzoDa.    1904,     Prke,  IS  cents. 

68.  North  Amerleui  SpaclPa  oftveioHli^  HUM.     Price,  lOcenU. 
W.  ATUPTican  VarlDtJes  ot  Lettuce.    1904.    Pric^,  ISouits. 

70.  The  Commercial  etitus  DC  Duruin  WbiMt.    IWH.    Price.  lOoeots. 

71.  Soil  IsoculHtlon  Iof  Lrgfmute.    I90S.    Price,  IScenta. 

72.  UlBcellaneoua  Paperi.    IWS.    trice,  A  cents. 

73.  The  Darelopmeiit  d[  SlnglF-Germ  BooC  Sw<L    ISOIi.    Price,  lOumta. 
71.  Prickly  Pear  and  Other  Cacti  tu  Food  For  Stock.    190S.    Price,  Scent*. 

75.  Rause  Mshagement  In  the  StAte  of  Waabln^ton.    1M6.    Price,  10  cents. 

76.  Capper  as  an  Algiclde  and  Dlslofeclant  In  Water  Supplies.    IMS.    Frice,  S  oanta, 

77.  The  Avocado,  a  Salad  F till t  f mm  the  Tropic b.    IBOS.    Price,  6  cents. 

78.  Improving  the  Quality  of  Wheat.    1905.    Price,  lo  cents. 

TB.  Varlahmt;  Dl  Wheat  Varieties  In  RcslBUiBe  to  Toiic  Salts.    1905.    Price,  S  oeat«. 

BO.  AgrlcultBrHl  EiploriLtlonB  In  Algerln.    190S.    Price,  10  cents. 

Bl.  ETOlutlon  of  Cellular  Structures.    1605.     Price,  !,  cents. 

ta.  Onm  Lands  ot  the  South  Alaska  Coast.    19DS.    Price,  10  cents. 

S3.  The  Vitalltr  of  Buried  Seeds.    1«03.    Price,  S  cents. 

B4.  The  Seeds  ot  the  BluegrasBos,    lODO.    Price,  Scents. 

8S.  .The  Prlnclplca  ot  Mushroom  Growing.    1905.    Price,  lOceota, 

m.  Agriculture  without  Irrigation  in  the  Sahara  Desert.    1905.    Price,  Scents. 

88.  WeevU-Iteslstlng  Adaptations  of  the  Cotton  Plant.    1906.    Price,  ID  Dents. 

n.  Wild  Uedlclnal  Plants  ot  the  United  SUtes.    1906.    Price.Eceuta. 

90.  MIscellaneouB  Papers.    11)06.    Pricfl,  Scents. 

<n.  Varieties  of  TDhacco  Seed  Distributed,  elc    1900.    Price.Scents. 

92.  Date  Varieties  and  Date  Culture  In  Tunis.    lOOC    Price,  Uceuts. 

B3.  The  C<«itrolol  Apple  Bitter-Rot.    IflOO.     Price,  10  cents. 

M.  Farm  Practice  with  Forage  Crops  In  Western  Oregon,  ale.    1006,    Price,  lOoBDla. 

as.  A  New  Tj-pn  of  Red  Clover.    1900.     Price,  10  cents. 

to.  Tobacco  Breeding.    1907.     Price,  IS  cents. 

97.  Seeds  and  Plants  Imported.    Inventory  No,  LI.    1W7.    Price.  30  cents. 

98.  Soy  Bean  Varieties.    19D7.    Price,  IS  cenle, 

m  Quick  Method  tor  Determination  oC  Uolsture  in  Grain.    1907.    Price,  S  cents. 

100.  Ulscallaneous  Papers.    IU07.     Price,  £3  c<«ta. 

101.  ContenUofandlndeittoBuJIetinsNos,  1  tolOO.    1M7.    Frice,  IS  cents. 

102.  Ulscdlaneoua  Papers.    1D07.     Prkc,  ISccuts. 

103.  DryFarmingln  the  Great  Basin.    1907.    Pries,  10 oanta. 

UM.  TheUscofFcldspBlblc&ockeasFertllliers,    1907.    Price.Scents. 

106.  The  Relation  of  the  Composition  ot  the  Leaf  to  the  Burning  Qualities  ot  Tobaooo.    1907.    Price, 

IDA.  Seeds  snd  Plants  IraporU'il.    Im-entor>  No.  12.    igo7.    Price,  lEcents. 

107.  American  Root  Drugs.    1907.    Price.  U  cents. 

IfiS.  The  C<dd9torn$e  of  Small  Fruits.    1907,    Prlc?,  IS  cents.  , 

100.  American  Varieties  ol  lie rdi-n  Beans,    levf.    Price,  25  opnta.  ^ 

110.  Cranborry  Diseases.    1907.    Price,  2<,cents. 

111.  MlwJIaneoita  Fapere.    1907.     Price,  15  ccntB. 

112.  The  I'ae  of  Suprarenal  Glands  In  the  I'hyaiologlcal  Testing  of  Drug  Plants,    1907.    Price,  10 

111.  The  Comparative  Tolrmncc  ol  Various  Plants  [or  the  Salts  Common  In  Alkali  Rolls.    1907. 

lit.  Sap-Rotai'dOther  Diseaseaof  theRed  Qum.    1907.    Price,  Ifcents. 

US.  TheDlnlnlertlonoISeHiEeEinuentsforthePratectlonatPiihlloWaturSiippllea.    1907.    Prwe. 

10  cents. 
116  The  Tuna  as  Food  tor  Man.    1S07,    Frice,  10  cents. 

117.  Tho  Rcseoillng  of  Dfp'ctefl  Rnng^  snd  Native  Pastures.    1907,    Price,  lOcenM. 

118.  Peruvian  Alfalfa.    1907.    Price,  10  cents. 

119.  The  Mulberry  and  Other  Slikworm  Food  Plants.    1907.    Frice,  10  cents. 

120.  The  r.-o<iiictIoD  ot  Eust-T  Lily  BuJba  lo  the  I'nited  Stutes,    1908.    Price,  lOcenW, 

121.  Miscellaneous  Papers.    190S.    Price,  IScents. 

132,  Curly-Top,  a  Dl3>-ns>'  ot  the  Sugar  Bret.    1908.    Price,  IS  cents. 

128.  The  Rocny  of  Oranges  While  in  Tran,-it  from  rBlitomin.    1908.    Price,  20  cents. 

134,  The  Prickly  Fear  sb  a  Farm  Crop,    190ft.    Price,  10  cents. 

ISC  Di7-Land  Olive  Culture  In  Northern  Alrlca.   1908.    Price,  10  cents. 
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BTJLZ.z:TnTS  OS  THE  BTTBEAtT  OF  FUUSTT  IVDUSTBT. 

■the  geleatinc  lud  tecbalriiL  publlcHllona  or  tbe  BiireHn  ot  Plant  iDdiiitrr,  wlilcli  irss 
prgaalieil  Jul;  I,  It>01.  arc  InBunl  In  a  Blnglt-  series  of  bulletin!!,  n  Hat  of  wblcb  rollowa. 

Atteotluu  Ih  (tirected  to  (lie  fai't  ttiat  llie  publlcntlmiB  In  tlila  nerleH  are  not  (or  generil 
dlatribullon.  Tlie  SujmriatflDdrnt  of  lloou^ciilB,  Qoverniijcnt  i'rlatlne  Ooire,  WanhlnHton. 
I).  C,  Ik  BiithorliHl  by  Ian-  to  soil  (hem  nt'ciAt,  and  to  blm  sll  appUcntlons  for  Ihese 
bullRtlna  ahauld  be  made,  arcumpanied  by  a  tioalal  money  order  for  the  required  amount 
or  by  cash.  Nuiiil»fira  omlttnd  troni  thla  list  can  not  b*-  fnmlnhed. 
No.  1.  Tljie  Belutlon  ot  Lime  and  MagneBla  tu  Plant  Urowth. 
:!.  SpcrmatogeneBU  and  Kpcundntlon  nf  Zamla.     IDOI. 

3.  Macaroni  Wheats,    leul.    Price,  20  ceotB. 

4.  ttange  Improvenieiil  In  ArlioDa.      1001.     I'rice,  10  cents. 
0.  A  Llat  of  American  Virletleti  uf  Peppers.     1002.     Price,  lU  cent 
T.  The  Algerian  Durum  Wheats,    inoj.    Price.  15  centa. 
0.  The  Nortli  American  Spwlea  of  Spartlna,    1002.    Price,  10  irul 

10.  Recorda  of  Seed  Dlatrlbutlnn,  etc.     1002,     i'rice.  10  cents. 

11.  Johnson  (iraaa.      1002.     I'rice,  10  centa. 

12.  Stork  flaneea  of  Northweslem  Callfomta.    11)02.    I'rice,  ir.  ten 

13.  Ran);e  ImpiQTcmeQt  In  Central  Tema.     1002.     Price,  10  oaotn. 
15.  TornRe  Conditions  on  (be  Ilorder  of  tlic  Oieat  llnslu.     ISIOi:.     1' 
17.   Some  UlaunseB  of  (befowpen.     1002,     I'rl™,  10  centa. 
20.  ManufHclure  of  Semolina  and  Macaroni.     lOOS.     Price.  1,'>  eenta. 
22.  lujurloita  EETecta  of  Prematura  Pollination.    1002.     Prlci',  10  c 

24.  Unteroientcd  <!raiie  Must.      HKI2.     Price.  10  cents. 

25.  MlaccUaneous  Papers.  '  100».     Price,  1^  tvots. 
27.  Letters  on  Asriciiliure  In  the  Weat  Indlea,  Spain,  etc.     1902.     Tr 
2n.  Tlie  Effpit  of  Blach-Itot'ou  Tvirnlpa.      1003.     Price,  15  cents. 

30.  ItndltlnK  the  I'pcan.      1002.      Price.  10  cents. 

31.  CuUlvnlcd  rorage  Crops  of  the  North  went  eru  Stales.     1002,     1' 

32.  A  DlsensG  of  the  While  Ash.     lOO.t.     Price.  10  cents. 
;i3.  North  American  Species  of  Leptocliloa.     1003,     Price,  lo  cents. 
;{4.  Sltkn-orm  Food   Plants.     1003.     I'rice.  15  cenlH. 

35.  Recent  Porel^  Exiilorucluns.     1003.     I'rlee,  15  renls. 

36.  The  '■  Bluiny  "  of  the  Western  I'cllow  I'lne,  etc.     1003.     ITl.-e,  3' 
.17.  Formation   of   the  Spores   In   the  ttporan^rla  of   Ithliopna    Marl 

com.vcea  Xltciix.      100:1,     I'rice,  15  ^en1s. 

:m.  Foraife  Conditions  In  Kustern  Wasblnt;ton,  etc.     1903.     l-rlt-e,  1,' 

;)0,  The  PropaKaClon  of  the  EaalCr  Lily  from  Seed.     1002,     I'rioe,  10 

-10,  Cold  SloniKC  n-|lli  Upference  lo  the  Pear  and  l-ench.     1003,     t'rh'i 

41.  The  ('onimerclnl  Umdlnt;  ot  t.Vim.     HMI3.     Prk-e,  10  centn. 

43.  Jaiianeao  Itauilmos.     1003,      PrU-c.  10  cents. 

45.  l'hyslolr.«lcal  JtClo  of  MluernI  Nutrlentij  In  I'lanls.     1903.    I'rice 

47.  The  Uewrli'tlon  ot  Wheat  Varieiles.      1!)03.     I'rice,  10  cents. 

W.  The  Apple  lu  Cold  8lornf,T.     IHiKi.     Price,  1,1  cents, 

49.  Culture  lit  the  Ccnlrat  American  Rubber  Tree.     Iflori.     Price,  2,1 

50.  Wild  Hire :  Us  l.-ses  and  Propugittlon,     1003,     Price.  10  rents. 
.'il.  JHiHTllnni'inis  I'aiiera.      100,%.      Price,  5  cenls. 
.-■2.  Wllher-Tip  and   Oilier  Iilscaxeii  of  Citrus   Trees   and    Fruits  L 

Irlchnni  i!lr«...isp..rloldPB.      1004.     Price,  15  cents. 
ZiX  The  Date  Palm.     1001.     I'rice,  20  centa. 

51.  Persian  Unit  Hales,      lOO.t.      I'rice.    10  cents, 
55.  The  Dry-Hot  nt  PotntiiPs.      1!")4.     Price,   10  rents. 


viKliKHliim  ot  Unsts.      I'JOt,      Price,    lo  ci'ntx. 

[ConllDiK-'l  on  page  3  ot  cover.) 
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BUREAU  OF  PLANT  INDUSTRY. 

Pathotooitt  and  PhyaUitogUt,  and  CMtt  of  fiureaii,  Bererly  T.  Qallowaj. 
PatholoaM  and  Ph^ttalagHt,  and  At»Utant  CHiet  of  Bureau,  Albert  F.  WooOl 
Laboratory  of  Plant  Falholooil,  Erwln  F.  Smltb,  pBlbologist  In  Cbarge. 
InveaUgattani  ot  Uitcaici  of  Friiita,  Mprton  B.  \V«lte,  Tstliologliit  In  Cbargc. 
Laboratory  of  Forest  Pathology,  Haveo  Melcalf,  Patbologlit  In  Cbarge. 
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LETTER  OF  TRANSMIHAL 


U.  S.  Department  of  AoRictTLTimK, 

Bureau  of  Pu,nt  Industkt, 

Office  of  the  Chief, 
Washington,  D.  C,  Jamiary  17,  1908. 
Sib  :  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 
Improvement  of  Mountain  Meadows,"  by  Mr.  J.  S.  Cotton,  of  the 
Office  of  Farm  Management  Investigations  of  this  Bureau,  and 
recommend  its  publication  as  Bulletin  Ko.  127  of  the  Bureau  series. 
Experiments  in  reseeding  mountain  meadows  were  begun  by  this 
Bureau  in  1902  and  have  been  continued  sine«  that  time.  The  results 
obtained  enable  us  to  draw  a  number  of  important  conclusions  con- 
cerning the  practicability  pf  reseeding  ranges  at  high  elevations  in 
our  Western  States.  Our  experience  also  enables  us  to  determine 
fairly  accurately  the  cost  of  reseeding,  the  best  manner  for  doing  the 
work,  and  tlie  resulting  increase  in  the  carrying  capacity  of  the 
ranges.  It  is  rather  a  striking  circumstance  that  the  only  results 
of  value  that  have  been  secured  in  these  experiments  have  been  with 
the  ordinary  tame  grasses.  Generally  speaking,  native  grasses  and 
forage  plants  have  seed  habits  which  render  their  artificial  propaga- 
tion on  the  ranges  impracticable.  Mr.  Cotton  lias  shown  that  moun- 
tain meadows  may  be  reseeded  at  an  expense  which  is  commensurate 
with  the  returns  to  be  secured. 

The  information  contained  in  this  bulletin  should  be  of  value  to 
those  who  own  ranges  in  the  mountains  or  are  responsible  for  their 
administration. 

Respectfully,  B.  T.  Oailowat,   . 

Chief  of  Bureau. 
Hon.  James  Wh-son, 

Secretary  of  Agriculture. 
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ILLUSTRATIONS. 


Plats  I.  Mountain  meadows  yhat  ehonld  Ixt  reeeeded.  Fig.  I. — A.  typical 
moist  mountain  meadow  where  the  original  v^^tation  has  been 
destroyed.     Fig.  2.— The  edge  of  an  overgrazed  meadow  where 

timothy  and  redtop  should  be  Bown., 

II.  Reeulta  of  resei.>diiig.  Fig.  1. — A  portion  of  a  mountain  meadow 
restored  through  protection.  Fig.  2. — A  fiortion  of  the  same 
meadow  aeedf^l  to  timothy 

III.  Plote  at  the  Weiiache  ^Mountain  station.    Fig.  I. — Meadow  seeded 

with  redtop  tour  jeara  pre\'iously.     Fig,  2. — Meadow  seeded  with 
mountain  brome-grass 

IV,  Mountain  meadow  injured  by  eroeion.    Fig.  1. — General  view  of  the 

meadow.    Fig.  2. — The  same  meadow,  t^howlng  early  stages  of 

UT 
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THE  IMPROVEMENT  OF  MOUNTAIN 
MEADOWS. 


UTTBODUCTION. 

For  a  number  of  years  the  Bureau  of  Plant  Industry  has  been 
carrying  on  investigations  to  determine  what  can  be  done  to  improve 
the  stock  ranges  that  have  become  badly  depleted  through  overgraz- 
ing. In  this  work  considerable  attention  has  been  paid  to  the  grazing 
conditionti  in  the  moimtains  where  the  pniblem  of  summer  |)asturage 
is  of  very  great  importance  in  the  production  of  beef  and  mutton. 

A  careful  study  of  the  conditions  involved  in  these  areas  has  led 
to  two  general  conclusions:  (1)  On  the  mountain  ridges,  where  the 
soil  is  usually  very  shallow  and  close  to  bed  rock  and  is  of  a  more  or 
less  sterile  nature,  very  little  can  be  accomplished  in  the  way  of  range 
improvement.  While  reseeding  may  sometimes  prove  practicable, 
such  improvement  must  ordinarily  come  through  carefid  protection 
from  overgrazing,  in  order  that  the  original  vegetation  may  be  given 
a  chance  to  restore  itself.  (-2)  In  the  mountain  meadows  and  park- 
like  areas,  where  there  is  ordinarily  a  good,  rich,  loamy  soil,  there  are 
very  great  opportunities  to  increase  the  quantity  of  feed  produced, 
and  this  increased  production  can  very  largely  be  secured  by  reseeding. 

In  connection  with  these  investigations  a  range  experiment  station 
was  established  in  the  Wenache  Mountains  in  Washington  State  in 
the  fall  of  1902,  at  which  time  seeding  experiments  were  begun. 
These  experiments  were  carried  on  cooperatively  by  the  Washington 
Agricultural  Experiment  Station  and  the  Bureau  of  Plant  Industry. 
The  following  year  other  experiments  were  undertaken  in  the  Sierra 
Nevada  Mountains.  California,  the  latter  being  under  the  direct 
charge  of  Mr.  Charles  H,  Shinn,  supervisor  of  the  northern  district 
of  the  Sierra  National  Forest.  In  li)(K>  further  exj>oriuients  were 
begun  in  the  Warner  Mountains  in  nortlienstern  California,  under 
the  care  of  Foi-est  Supervisor  A.  II.  Ilognc.  In  addition  to  these 
experiments  numerous  observations  have  been  made  on  the  results 
obtained  by  stockmen  in  various  parts  of  the  country  in  their  efforts 
to  improve  the  mountain  grazing  areas. 
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8  THE  IMPKOVEMENT   OF   MOUNTAIN    MEADOWS. 

WENACHB    MOUNTAIN    STATION. 

The  Wenache  Mountain  station  is  located  on  the  summit  of  the 
mountains,  some  26  miles  northeast  of  Elleiisburg,  and  is  at  an  alti- 
tude of  a  little  more  than  5,300  feet.  It  is  highly  typical  of  the 
entire  mountain  region  along  the  eastern  slopes  of  the  Cascades  in 
Washington.  Practically  all  the  different  soil  and  climatic  condi- 
tions found  in  this  region  are  represented  nt  the  station  or  within 
a  very  few  miies  of  it.  The  annual  precipitation  is  probably  not  far 
from  20  inches  and  comes  largely  in  the  form  of  snow.  The  growing 
season  does  not  much  e.\ceed  four  and  ii  half  months.  The  snow  goes 
off  some  time  Iwtweeii  May  20  and  June  1.  The  ground  is  usually 
frozen  by  the  middle  of  October  and  snow  falls  to  stay  soon  after 
Sovember  1. 

The  station  lies  in  the  general  course  traveled  over  in  the  spring  by 
the  numerous  migratory  bands  of  shee|i  in  going  from  the  desert  or 
lowland  ranges  to  the  high  mountain  pastures  in  the  Cascades,  and 
again  in  September  on  their  return  to  the  lowlands.  As  a  result  the 
region  had  been  severely  overgrazed  for  a  number  of  years  and  the 
vegetation  was  in  a  badly  depleted  condition,  much  of  it  having  been 
completely  exterminated. 

The  station  comprised  a  section  of  land  that  Babcock  &  Benson,  the 
owners  of  a  large  shee|)  and  cattle  range,  had  inclosed  with  a  good 
stock-proof  fence  as  a  holding  pasture  for  their  saddle  and  pack 
horses.  As  the  problem  of  iiureasing  the  quantity  of  feed  in  the 
high  mountain  meadows  was  one  of  great  importance  to  them,  they 
donated  the  use  of  this  section  for  exiierimt'ntal  purposes.  These 
men  endeavored  to  keep  out  all  stock  from  this  area  during  those 
periods  of  the  year  when  grazing  might  injure  the  grasses  in  the 
various  plots,  and  in  other  ways  did  all  they  could  to  make  the  work 
successful. 

SEEniNO   EXPERISIENT8. 

The  establishment  of  experimental  plots  at  the  Wenflche  Mountain 
station  covered  a  period  of  two  years.  The  first  seeding  was  done  in 
the  latter  half  of  October,  IDOti.  The  seed  was  sown  so  late  In  the 
season  that  there  was  no  danger  of  it.s  germinating  that  fall  and  yet 
in  plenty  of  time  for  it  to  I>e  on  the  ground  l)efore  the  snow,  which 
began  falling  about  two  days  after  the  seetling  was  finished.  The 
melting  snows  in  the  spring  tended  to  carry  the  seed  into  the  ground 
and  thns  to  insure  germination. 

Approximately  20  acres  were  seeded,  plots  of  timothy,  Kentucky 
bluegrass,  redtop,  mountain  brome-grass  (Bromus  marginatum) y  and 
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white  clover  being  started.  In  the  spring  of  1903  a  little  more  than 
30  acres  were  seeded.  The  a&mB  grasses  were  sown  and  a  number  of 
others,  as  follows:  Orchard  grass,  brome-grass  (Bromua  mermia), 
cheat  {Bromus  secalinvs),  Italian  rye-grass,  perennial  rye-grass,  tall 
fescue,  hard  fescue  {Feetuca  dunvseitla) ,  sheep's- fescue  {Featuca 
ovina),  Canada  bluegrass,  red  clover,  and  alsike  clover.  The  condi- 
tions at  that  time  were  highly  favorable.  The  ground  was  covered 
with  snow  until  June  1,  1903.  On  June  5  a  warm  wave  swept  over 
the  eastern  part  of  the  State.  This  took  the  snow  off  very  rapidly. 
The  top  of  the  ground  dried  out  very  quickly  and  it  was  necessary  to 
cover  the  seed  by  means  of  a  light  harrow  in  order  to  insure  germina- 
tion. Later  there  were  frequent  showers  which  kept  the  ground 
moist  and  in  excellent  condition.  By  July  4  most  of  the  plats  were 
showing  signs  of  germination.  The  majority  of  the  grasses  men- 
tioned were  again  tested  in  the  fall  of  1903,  a  little  more  than  20  acres 
being  seeded  in  the  first  half  of  October. 

This  completed  the  main  part  of  the  seeding,  although  in  the  fall 
of  1904  additional  plota  of  tall  fescue  and  orchard  grass  were  started 
in  order  that  the  data  obtained  might  be  extended,  while  new  plots 
of  a  few  other  grasses  were  established.  The'  new  plots  were  of 
slender  wheat-grass  (Agropyi-oji  tenerum),  western  wheat-grass  {A. 
occidentale) ,  tall  oat-grass,  and  a  native  variety  of  sheep's-fescue 
(Festuca  ovina  ingrata). 

In  addition  a  number  of  plots  were  started  on  an  area  that  had  been 
plowed  in  the  spring  of  1904,  the  object  being  to  determine  how  much 
value  plowing  has  in  the  introduction  of  cultivated  grasses  in  moun- 
tain areas. 

MANAGEMENT   OF   STATION. 

During  the  season  of  1903  the  proprietoi-s  of  the  land  took  a  great 
deal  of  pains  that  all  stock  should  be  kept  off  the  section  until  late  in 
the  fall.  In  the  season  of  1904  some  20  head  of  saddle  horses  were 
allowed  to  graze  at  the  station  from  about  the  middle  of  June,  the 
begini)ing  of  the  growing  season,  until  the  first  of  November.  Late 
in  the  autumn  the  station  was  also  used  for  a  few  days  at  a  time  as  a 
holding  pasture  for  beef  steers.  Although  the  plots  were  very  closely 
grazed  in  the  late  fall  no  harm  was  done  them. 

In  June,  1905,  the  property  changed  hands.  Coffin  Brothers,  who 
hold  very  extensive  sheep  interests  in  the  State,  purchasing  it.  These 
men  very  kindly  offered  to  protect  any  part  of  the  experiments  that 
the  Bureau  of  Plant  Industry  might  desire.  As  all  the  seeding  had 
been  completed  and  the  plots  were  well  established,  it  was  thought 
best  to  have  them  regularly  grazed  and  learn  how  the  different  grasses 
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stood  pasturing.  Since  that  date  the  section  has  been  grazed  in  about 
the  same  manner  as  formerly.  No  further  attention  has  been  paid 
to  it  by  the  Department  of  Agriculture  than  to  make  yearly  observa- 
tions as  to  the  growth  and  pasturage  qualities  of  the  different  grasses. 

(iR.\SSKS  TESTED. 

Timothy. — Timothy  was  sown  several  times  and  under  as  many 
different  conditions  as  possible,  in  order  to  give  it  a  thorough  test, 
17  acres  being  seeded.  Some  of  it  was  broadcasted  on  bare  ground 
without  further  treatment,  some  was  broadcasted  and  harrowed  in, 
while  a  small  quantity  was  sown  on  plowed  ground.  The  quality  of 
soil  on  which  the  sieed  was  sown  varied  from  a  sterile  side-hill  soil, 
consisting  largely  of  coarsely  disintegrated  basalt,  to  a  good,  rich, 
black  loam.    The  rate  of  seeding  was  from  10  to  12  pounds  to  the  acre. 

On  the  half  of  the  original  plot  started  in  the  fall  of  1902  where 
the  seed  was  covered  an  excellent  stand  was  secured.  Had  it  been  cut 
for  hay  it  would  have  yielded  in  1904  not  less  than  1^  tons  per  acre. 
It  has  been  grazed  quite  extensively,  especially  in  the  fall,  ever  since 
the  first  year  and  it  stood  this  grazing  well  until  the  season  of  1906, 
when  in  some  parts  of  the  plot  it  seemed  to  be  dying  out.  In  1907 
it  had  entirely  rccoveretl  and  was  doing  fully  as  well  as  ever.  {See 
PI,  II,  fig.  2.)  The  stand  on  the  unharrowed  half  of  the  plot  was  at 
first  only  about  a  fifth  as  good  as  on  the  other.  By  a  natural  process 
of  reseeding,  the  stand  on  the  greater  ixtrtion  has  gradually  thickened, 
until  at  the  present  time  it  is  fully  as  gootl  as  that  on  the  first  half.  , 
The  timothy  sown  in  the  spring  of  1904  without  covering  failed  for 
the  most  part  to  germinate.  Where  it  was  harrowed  in,  a  fair 
stand  was  securetl,  but  one  that  was  in  no  way  comparable  with  that 
on  the  area  seeded  and  harrowed  the  previous  fall.  Here,  also,  the 
timothy  has  reseedod  itself  until  the  stand  is  now  as  good  as  can  be 
desired.  In  1907  these  three  plots,  aggregating  some  7  acres,  would 
have  cut  fully  IJ  tons  of  hny  to  the  acre. 

Half  an  acre  of  timothy  was  tested  on  the  plowed  ground.  A  good 
stand  was  secured,  but  it  was  no  better  than  where  the  seed  had  been 
broadcasted  and  harrowed  in. 

JSedtop. — A  little  more  than  10  acres  of  redtop  was  sown  in 
various  parts  of  (he  section  under  practically  the  same  conditions  as 
the  timothy.  The  rate  of  seedling  was  from  8  to  14  pounds  to  the 
acre.  The  first  two  years  after  seeding  very  little  of  this  grass 
could  be  found,  and  except  in  a  few  scattered  places  the  growth 
seemed  to  !«  unsatisfactory'.  By  the  summer  of  1905  the  stand  had 
thickened  greatly,  there  being  on  some  areas  a  good  sod  where  the 
first  year  after  seeding  there  was  apparently  nothing  to  be  seen.    By 
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the  year  1906  the  stand  on  the  greater  part  of  the  original  plots  was 
good,  (See  PI.  Ill,  fig.  1.)  The  grass  was  then  making  an  escellent 
growth  and  in  many  places  was  crowding  out  much  of  the  ori^nal 
native  vegetation.  The  redtop  sown  on  the  plowed  area  likewise 
gave  an  excellent  stand  and  has  done  well.  It  is  doubtful,  however, 
whether  the  time  saved  in  getting  a  stand  of  this  grass  would  warrant 
the  extra  cost  of  plowing  and  preparing  the  land. 

Tall  fescue  (Festuca  elatior). — In  the  spring  of  1903  an  acre  of 
tall  fescue  was  seeded  on  good  loamy  soil  where  the  original  vegeta- 
tion had  been  largely  destroyed,  its  place  being  taken  by  yarrow  and 
annual  weeds.  The  rate  of  seeding  was  24  pounds  to  the  acre.  This 
plot  was  duplicated  the  following  fall.  In  the  autumn  of  1904  half 
an  acre  of  the  plowed  ground  was  seeded  to  this  grass.  On  half  of 
each  of  the  plots  the  seed  was  covered  by  harrowing.  On  those  areas 
that  were  harrowed,  a  good  stand  has  been  secured  and  the  grass 
has  made  an  excellent  growth.  Tall  fescue  ranks  next  to  timothy  and 
redtop  in  value. 

Orchard  grass. — One  and  one-half  acres  of  unprepared  ground 
were  seeded  with  orchard  grass  in  the  spring  of  1903  at  the  rate  of 
24  pounds  to  the  acre,  the  seed  being  harrowed  in.  In  Addition  to  this 
plot  an  area  of  one-sixth  of  an  acre  was  seeded  under  similar  con- 
ditions in  the  fall  of  1904,  while  half  an  acre  of  plowed  gronnd  was 
seeded.  The  stand  on  the  plowed  area  was  quite  satisfactory,  but  on 
the  unprepared  soil  it  was  very  poor.  While  it  has  been  almost 
impossible  to  get  a  good  stand,  the  orchard  grass  that  came  up  has 
made  a  very  satisfactory  growth. 

Brome-grass  {Brormis  inermis). — ^Two  and  one-half  acres  were 
seeded  in  the  spring  of  1903  on  a  rich,  loamy  soil,  the  rate  of  seeding 
being  22  pounds  to  the  acre.  One-half  of  the  plot  was  harrowed. 
Where  the  seed  was  covered  an  excellent  stand  was  secured.  By  the 
summer  of  1905  the  stand  had  thickened  greatly,  there  was  an  excel- 
lent sod,  and  the  grass  was  beginning  to  spread  over  some  of  the 
adjoining  areas  where  there  was  a  good  soil.  By  the  summer  of 
1906  it  seemed  to  have  disappeared  in  places  in  the  main  body  of  the 
plot,  while  along  the  edges  it  appeared  to  be  getting  much  more  abun- 
dant.   In  1907  there  was  an  excellent  stand  on  nearly  the  entire  plot. 

Mountain  hrome-grans  {Bromvs  marginatua) . — About  fi  acres  were 
seeded  to  mountain  brome-grassat  arateof  25  toSOpounds  to  the  acre. 
As  this  grass  is  a  native  of  these  mountains  and  naturally  grows  on  the 
loose,  gravelly  soil  areas,  the  plots  were  located  on  such  areas.  Where 
the  soil  was  very  poor  a  stand  as  satisfactory  us  could  be  expected  was 
obtained.  On  a  plot  of  one  acre  where  the  soil  was  somewhat  coarsely 
disintegrated  and  where  the  seed  had  been  harrowed  in.  ii  stand  was 
secured  that,  if  cut  for  hay,  would  have  yielded  not  less  than  three- 
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fourths  of  a  ton  of  hay  per  acre.  (See  PI.  Ill,  fig.  2.)  Considerable 
.weed  has  been  collected  from  this  plot  for  experimental  uses  in  other 
places.  One-half  acre  of  this  grass  was  tested  on  plowed  ground. 
The  stand  on  the  plowed  area  was  no  better  than  that  secured  on  the 
original  plot,  where  the  seed  was  merely  harrowed  in.  The  stock  on 
the  section  have  never  grazed  this  grass  to  any  extent,  as  there  were 
other  grasses  that  are  much  more  palatable  growing  near  it. 

Cheat  {Bromua  aecalinits). — One  acre  was  seeded  to  cheat  in  the 
spring  of  1903  on  an  open  park-like  area  where  the  soil  was  a  good 
black  loam  and  where  mountain  clover  (TnfoUum  longipes)  formed 
the  prevailing  vegetation.  The  rate  of  seeding  was  30  pounds  to  the 
acre.  The  plot  was  duplicated  in  the  fall.  The  grass  seed  germinated 
well  where  it  was  harrowed  in,  but  the  grass  made  a  very  poor  growth 
and  by  the  season  of  1907  had  entirely  disappeared. 

Kentucky  bluegrass. — Eleven  acres  were  seeded  to  Kentucky  blue- 
grass  at  three  different  seasons,  the  rate  of  seeding  varying  from  14 
to  18  pounds  to  the  acre.  Except  for  a  small  plot  of  about  one-tenth 
acre  on  plowed  ground  this  grass  made  almost  no  growth  until  the 
summer  of  1906.  At  the  time  it  was  apparent  that  the  grass  had 
started  in  occasional  small  patches  and  was  making  a  fair  growth  and 
furnishing  a  little  pasturage.  The  indications  were,  however,  that  it 
would  be  of  very  little  value. 

Canada  blvegrass. — A  little  more  than  3  acres  was  sown  to  Canada 
bluegrass  in  the  spring  and  fall  of  1903,  the  rate  of  seeding  varying 
from  20  to  25  pounds  to  the  acre.  The  grass  was  seeded  in  an  open 
park-like  area  where  the  soil  was  for  the  most  part  a  rich  black  loam. 
One-half  of  each  plot  was  harrowed.  A  fair  stand  was  secured  on 
the  area  that  was  harrowed,  but  until  the  season  of  190fi  it  made  a 
very  poor  showing.  By  that  time  the  stand  had  greatly  improved 
!ind  the  grass  seemed  to  be  making  a  much  better  growth  than  in  pre- 
vious years.  This  grass  will,  however,  be  of  very  little  value  in 
mountain  meadows. 

Perennial  and  Italian  rye-grassen. — Some  two  or  more  acres  were 
seeded  to  each  of  these  grasses  in  the  spring  and  fall  of  1903.  The 
conditions  under  wliich  they  were  sown  were  typical  of  the  majority 
of  the  plots  at  the  station.  In  both  cases  the  stand  secured  was  poor. 
Both  grasses  made  very  little  growth  and  soon  ran  out.  They  seem 
to  be  totally  unadapte<l  to  this  region. 

Hard  feume  (Frstnca  diir'iufinila). — About  2  acres  were  seeded  to 
hard  fescue  in  an  open  park  in  the  spring  and  fall  of  1903.  In  addi- 
tion, a  small  plot  of  one-sixth  acre  of  plowed  ground  was  seeded. 
No  traces  of  this  grass  could  be  found  on  the  main  plot.  The  stand 
secured  on  the  plowed  groimd  was  excellent  at  first,  but  the  grass  ha-s 
l»en  gradually  ruiming  out  and  by  the  summer  of  1907  there  was  very 
little  left.  /^-  I 
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Sheep's-fegcue  (Festuoa  ovina)  .—Some  3  or  4  acres  were  seeded  to 
this  grass  during  the  spring  and  fall  of  1903, 16  pounds  of  seed  being 
used  to  the  acre.  A  fair  stand  was  secured,  but  the  grass  does  not 
seem  to  have  done  very  well.  In  fact,  it  has  not  made  nearly  the 
growth  that  is  made  by  a  variety  of  sheep's- fescue  (Festuca  ovina  in- 
grata)  native  in  these  mountains. 

Native  sheef^ 8- fescue  (Festuca  ovina  ingrata). — One-fourth  of  an 
acre  was  seeded  to  this  grass  in  the  fall  of  1904.  This  grass,  locally 
known  as  bunch  bluegrass,  is  a  native  of  the  Wenache  Mountains  and 
the  seed  was  hand  gathered.  The  rate  of  seeding  was  16  pounds  to 
the  acre.    Apparently  the  seed  never  germinated. 

Slender  ■wheat-gra8»  {Agropyron  tetienim). — In  the  autumn  of 
]9(M  a  plot  of  one  acre  of  this  grass  was  sown  in  an  area  where  all 
the  original  vegetation  had  been  destroyed  by  overgrazing  and  tram- 
pling and  where  yarrow  and  weedy  annuals  had  become  quite  abun- 
dant. The  seed  wa?  harrowed  in.  In  addition  to  this,  a  plot  of 
about  one-fourth  of  an  acre  of  plowed  ground  was  seeded.  The 
grass  on  the  acre  plot  started  very  slowly,  and  even  in  the  summer  of 
1906  seemed  to  be  a  failure.  By  1907  it  had  become  much  more 
abundant,  and  although  the  stand  was  still  quit«  poor  it  looked 
promising.  A  very  good  stand  was  secured  on  the  plowed  area  and 
the  grass  has  made  a  satisfactory  growth.  In  the  summer  of  1907  it 
was  estimated  that  this  plot  would  have  yielded,  if  cut  for  hay,  a  crop 
of  nearly  three- fourths  of  a  ton  to  the  acre.  The  experiments  indicate 
that  this  grass  may  have  some  value  in  reseeding  some  of  the  hillside 
areas  of  the  mountain  regions.  They  will,  however,  need  to  be  con- 
tinued two  or  three  years  more  before  definite  conclusions  can  be 
reached. 

Western  wheat-grass  {Agropyron  oceidentale) . — ^Two  small  plots 
were  .seeded  to  this  grass  in  the  fall  of  1904,  one  on  plowed  ground 
and  one  on  an  area  with  good  soil  where  the  original  vegetation  had 
been  destroyed  by  overgrazing.  The  seed  failed  to  germinate  on  the 
unprepared  ground.  A  fair  stand  was  secured  on  tlie  plowed  area, 
but  it  has  not  made  a  very  thrifty  growth.  Xhis  grass  will  probably 
be  of  no  value  in  the  high  mountains. 

White  rlorer. — About  10  acres  were  seeded  to  white  clover  imder 
conditions  identical  with  those  found  on  the  timothy  and  redtop 
plots.  The  rate  of  seeding  was  from  fi  to  12  pounds  to  the  acre. 
Very  few  signs  of  germination  of  this  seed  liave  ever  been  found. 
In  view  of  the  fact  that  an  excellent  stand  was  secured  from  this 
same  seed  on  the  Cooke  &  Bull  holding  pasture  two  years  later,  the 
blame  for  this  can  not  be  placed  on  the  quality  of  the  seed.  Vari- 
ous observations  would  indicate  that  the  failure  of  this  plant  was 
probably  due  to  lack  of  the  proper  kind  of  nitrogen-gathering  bac- 
teria in  the  soil. 
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Red  clover. — A  plot  of  1^  acres  was  seeded  to  red  clover  in  the 
spring  of  1903.  Wherever  the  ground  was  not  too  wet  the  seed  was 
harrowed  in.  A  fair  stand  was  secured  on  the  drier  part  of  the  plot, 
but  it  became  poorer  each  year  until  by  the  season  of  1906  the  clover 
had  entirely  disappeared.  A  small  plot  was  tested  on  plowed  ground 
with  similar  results. 

Alfiike  i-loi-er. — Two  acres  were  seeded  to  alsike  clover  in  the  spring 
and  fall  of  1903,  the  rate  of  sowing  being  15  pounds  to  the  acre.  An 
excellent  stand  was  secured  from  the  spring  sowing.  Up  to  the  sea- 
.son  of  1905  it  still  remained  alive,  but  had  made  very  little  growth 
and  seemed  to  be  inferior  to  the  native  clover.  It  had  a  yellow  and 
unhealthy  appearance  and  showed  an  entire  lack  of  the  root  tuber- 
cles. By  the  year  1906  about  three- fourths  of  the  clover  on  this  plot 
had  disappeared.  The  remaining  fourth  of  the  plants  had  made  a 
much  larger  growth  and  showed  a  muCh  healthier  condition  than 
in  previous  years.  In  1907  it  had  entirely  disappeared.  It  is  quite 
possible  that  if  the  seed  had  been  inoculated  this  clover  might  have 
proved  a  success. 

Vetc/ies. — A  number  of  vetches  were  experimented  with,  most  of 
them  being  tested  on  plowed  ground.    They  all  failed  to  germinate. 

KXPERIMENTS  OF  BABCOCK  &  BENSON. 

In  addition  to  the  experiments  already  described,  in  the  latter  half 
of  October,  1902,  Babcock  &  Benson  scattered  1,000  pounds  of  tim- 
othy seed,  400  pounds  of  orchard  grass,  1.50  pounds  of  Kentucky 
bluegrass,  and  100  pounds  of  white  clover  over  the  section  and  the 
park-like  areas  of  their  llr-section  beef  pasture  adjoining  it.  At  first 
there  were  very  few  signs  of  this  seed  having  germinated,  but  by 
the  year  1904  it  was  quite  noticeable  that  a  good  deal  of  the  timothy 
and  some  of  the  orchard  grass  had  caught  and  that  they  were  doing 
well.  The  timothy  became  more  abundant  each  year  until  by  the 
summer  of  1907  it  was  pretty  well  distributed  over  the  entife  sec- 
tion. There  are  at  the  present  time  numerous  spots  a  rod  or  more 
square  where  the  stand  is  sufficiently  thick  to  cut  for  hay. 

The  orchard  grass  ha.s  made  a  fair  showing,  but  hardly  sufficient 
to  repay  the  cost  of  the  seed.  The  Kentucky  bluegrass  and  the  white 
clover  were  complete  failures, 

EXFEBTUENTS  OIT  THE  COOKE  &  3XrLL  CATTLE  RANQE. 

The  experiments  on  the  Cooke  &  Bull  cattle  range  were  under- 
taken in  order  to  test  the  adaptability  at  a  lower  altitude  of  some  of 
the  grasses  that  had  been  tried 'at  the  Wenache  Mountain  station. 
The  place  selected  is  in  a  holding  pasture  at  an  elevation  of  approxi- 
mately  4.000  feet.     It  is  located   some   6   miles   southeast  of  the 
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Wenache  Mountain  station.  The  sowing  was  done  in  small  meadow- 
like areas  at  the  head  of  a  large  canyon,  where  for  the  most  part 
there  was  a  good  loamy  soil,  and  in  the  bottom  and  along  the  side.s 
of  the  canyon.  The  entire  region  in  which  this  tract  lies  has  been 
badly  overgrazed  for  years  by  numerous  bands  of  migratory  sheep 
on  their  journeys  to  and  from  the  mountain  pasturesl  As  a  result, 
practically  the  whole  area  where  the  seed  was  sown  had  been  de- 
nuded of  all  vegetation  except  shrubs  and  trees.  The  principal 
grasses  exjjeriraented  with  were  timothy,  redtop,  and  white  clover. 

Timothy. — Timothy  was  .sown  on  approximately  two  acres  in  a 
meadow-like  area  at  the  head  of  Perkins  Creek  canyon  in  the  fall  of 
1904.  The  seed  was  broadcasted  at  the  rate  of  about  8  pound.s  to  the 
acre  without  further  treatment.  The  following  fall  pboiit  r»0  pounds 
of  this  seed  were  scattered  'along  the  bottom  and  sides  of  the  two 
forks  of  Perkins  Creek  canyon,  near  the  head.  In  spite  of  the  fact 
.  that  a  large  number  of  cattle  have  been  kept  on  this  pasture  at  various 
times  and  that  it  has  been  closely  grazed,  the  timothy  in  the  original 
plot  has  retained  an  excellent  stand.  If  it  could  be  protected,  this 
plot  would  yield  a  good  crop  of  hay.  There  is  also  a  good  stand  of 
this  grass  along  the  bottom  of  the  canyon  and  it  promises  to  make 
an  excellent  growth. 

Redtop. — A  small  plot  was  seeded  to  redtop  near  a  spring  just 
below  the  forks  of  the  canyon  in  the  autumn  of  11)04.  The  follow- 
ing fall  (1905)  about  .W  pounds  of  this  seed  were  scattered  along  both 
forks  of  the  canyon,  approximately  the  same  area  being  used  aS  for 
timothy. 

By  the  spring  of  1907  the  redtop  in  the  plot  looked  highly  promis- 
ing. \Vhere  the  seed  had  l>een  scattered  along  the  canyon  there  was 
considerable  of  this  grass  to  be  seen.  By  the  season  of  1008  it  will 
be  sufficiently  established,  judging  by  the  small  plot,  to  produce  a 
considerable  quantity  of  feed. 

White  clorer. — A  considerable  area  in  the  main  branch  of  the  can- 
yon was  seeded  to  white  clover  in  the  fall  of  1904  and  again  in  1905. 
There  is  an  excellent  stand,  and  in  spite  of  it.s  having  been  heavily 
grazed  the  clover  has  l»een  making  a  good  growth.  It  i.s  somewhat 
quesiionable  whether  white  clover  produces  enough  forage  under  such 
conditions  to  make  it  of  much  value. 

Other  grasses. — In  addition  to  the  grasses  mentioned,  perennial 
rye-grass,  Italian  rye-grass,  and  Kentucky  bluograss  were  tested 
under  similar  con<litions.     These  have  yielded  negative  results. 

BESULTS   OF  BESEEDIHO  IHTESTIOATIONa 

The  experiments  of  the  Bureau  of  Plant  Industry  show  quite  con- 
clusively that  the  depleted  mountain  meadows  (PI.  I,  figs.  1  and  2) 
can  l>c  brought  back  to  their  original  carrying  capacity  in  two  to 
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three  years'  time  by  reseeding  with  tame  grasses.  (See  Fl.  II,  fig. 
2,  and  PI.  Ill,  figs.  1  and  2.).  There  are  numerous  instances,  notably 
in  the  Cascade  Mountains  of  Washington,  where  by  the  introduction 
of  such  grasses  the  meadows  can  be  made  to  produce  more  forage 
than  they  ever  did. 

Out  of  the  thirty  or  more  grasses  and  forage  plants  tested,  there 
are  seven — tall  fescue,  orchard  grass,  brome-grass,  mountain  brome- 
grass,  slender  wheat-grass,  timothy,  and  redtop — that  have  shown 
themselves  to  be  of  some  importance  in  the  restoration  of  mountain 
grazing  areas.  Timothy  and  redtop  have  proved  to  be  of  great 
value  for  this  purpose.  These  two  grasses  can  be  introduced  at  a 
comparatively  small  cost,  will  furnish  satisfactory  yields,  and  will 
readily  withstand  moderately  heavy  grazing. 

In  addition  to  carrying  on  the  e.iperiments  here  described  the 
writer  has  spent  considerable  time  in  studying  the  forage  problems 
in  the  Cascade  and  Sierra  Nevada  Mountains  and  in  making  careful 
observations  as  to  what  has  been  accomplished  by  various  stockmen 
and  farmers  in  reseeding  mountain  meadows  in  that  region.  Several 
of  these  men  have  greatly  increased  the  quantity  of  forage  produced 
in  such  meadows  by  seeding  them  down  to  either  timothy  or  redtop 
or  a  combination  of  the  two.  There  are  also  a  number  of  instances 
where  these  men  are  raising  good  crops  of  hay  with  which  to  supply 
the  various  lumber,  mining,  or  tourist  camps.  Other  investigations 
carried  on  by  members  of  the  staff  of  the  Bureau  of  Plant  Industry 
show  that  these  grasses  can  readily  be  established  throughout  the 
Rocky  Mountain  system.  In  fact,  tliey  are  quite  widely  scattered 
through  the  hauling  of  hay  to  the  various  mining  and  lumber  camps 
and  also  through  systematic  effort  on  the  part  of  some  of  the  stock- 
men living  in  that  region."  The  results  obtained  by  these  various 
stockmen  show  that  there  are  numerous  meadows  throughout  the 
entire  western  mountam  region  where  timothy  and  redtop  can  be 
very  sutKCssfuIly  grown.  They  also  jjrove  that  it  is  a  paying  proposi- 
tion to  seed  down  such  meadows. 


Timothy  will  be  of  great  value  in  n-sloring  those  areas  where  there 
is  a  fairly  deep,  rich  soil  that  has  been  denuded  of  vegetation  by  over- 
grazing and  trampling.  Plate  I,  figures  1  and  2,  shows  portions  of 
two  different  mountain  meadows  that  are  typical  of  just  such  results. 
This  grass  can  also  be  used  to  advantage  iii  those  places  where  the 
mountain  clovers  naturally  grow.     (See  PI.  IV,  figs,  1  and  2.) 

«  See  Bulletin  Ni>.  ]1T  of  the  Bureau  "f  Plinit  Industrj'.  V.  S.  I>^tartinent  of 
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An  example  of  what  can  be  accomplitihetl  by  the  use  of  this  grass 
is  shown  in  Plate  II.  Figure  1  of  this  piate  shows  a  part  of  a 
meadow  near  the  AVenache  Mountain  station,  lying  jiiHt  outside  of 
the  station  fence.  This  area  has  been  protected  from  overgrazing 
during  the  past  five  years,  and  as  a  result  it  is  restored  to  a  point 
where  it  will  probably  carry  nearly  as  much  stock  as  it  originally 
did,  Plate  II,  figure  2,  shows  a  part  of  the  same  meadow  lying  just 
within  the  fence.  This  area  was  seeded  to  timothy  in  the  autumn 
of  1902.  The  carrying  capacity  of  the  area  seeded  down  is  undoubt- 
edly two  or  three  time-s  greater  than  that  not  seeded. 

It  is  recommended  that  from  8  to  10  pounds  of  seed  be  used  to  the 
acre.  This  will  give  a  stand  that  will  be  good  enough  to  cut  for  hay, 
(See  PI.  II,  fig.  2.)  If  it  were  necessary  to  economize,  a  rate  of  fi 
pounds  per  acre  might  prove  sufficient,  but  the  stand  secured  would, 
of  course,  not  be  as  good  as  where  a  little  higher  rate  of  seeding  was 
used.  Although  stands  that  have  been  entirely  satisfactory  have 
been  obtained  in  places  that  have  been  subjected  to  continuous  grnz- 
ing,  better  results  will  usually  be  obtained  if  the  seeded  area  can  be 
protected  during  the  first  season  or  at  least  until  the  grass  has  become 
firmly  rooted. 

If  the  maximum  rate  of  10  pounds  to  the  acre  be  used,  the  seed  at 
6i  cents  a  pound  will  cost  65  cents.  The  labor,  provisions,  and  cost  of 
hauling  will  bring  the  entire  expense  to  about  95  cents  an  acre.  The 
plots  at  the  Wenache  Mountain  station  have  given  a  yield  that  if  cut 
for  hay  would  have  averaged  more  than  a  ton  to  the  acre.  Wiilc  the 
experiments  have  been  carried  on  under  practically  typical  range  con- 
ditions it  is  possible  that  they  have  been  a  little  better  protected  than 
they  would  have  been  in  a  large  inclosure.  Granting  that  these  re- 
sults are  better  than  will  be  obtained  under  all  circumstances,  it  is 
reasonable  to  believe  that  iu  an  ordinary  mountain  meadow  where 
there  is  a  fairly  deep  and  good  soil  a  yield  equivalent  to  at  least  half 
a  ton  of  hay  to  the  acre  can  be  secured.  ()l>servations  of  the  results 
obtained  by  practical  stockmen  will  tend  to  confirm  this  conclusion. 
If  the  yield  is  equivalent  to  only  half  a  ton  it  will  still  mean  that  the 
carrying  capacity  of  this  land  has  been  increased  so  that  an  acre  will 
carry  a  1,200-ponnd  steer  a  little  more  than  30  days  longer  than  it 
previously  did.  If  we  value  pasture  at  2.^  cents  a  head  each  month 
this  would,  after  the  first  year,  give  a  return  of  more  than  25  per 
cent  on  the  cost  of  seeding. 

In  this  connection  an  estimate  has  been  made  in  order  to  show  what 
can  be  accomplished  by  reseeding  a  pasture  that  is  within  some  5  or  <> 
miles  of  one  of  the  above-mentioned  ex|)erinient  stations.  This 
pasture  has  been  carefully  watched  during  the  entire  four  years  and 
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it  is  doubtful  if  its  carrying  capacity  is  as  high  as  it  was  previous  to 
fencing.  The  field  contains  approximately  1,100  acres  and  carries 
about  100  head  of  stock  of  all  ages  during  the  five  summer  months. 
It  is  a  typical  mountain  pasture,  the  ridges  consisting  largely  of 
"  scab  "  land — land  where  there  is  very  little  soil^and  the  hillsides 
and  bottoms  of  the,  canyons  having  a  good,  deep,  rich  soil.  There  are 
at  least  300  acres  of  this  pasture  that  could  be  seeded  to  timothy  to 
good  advantage.  Using  the  same  figures,  the  cost  of  seeding  this 
area  would  be  as  follows ; 

3,000  jKMinds  of  sewl  at  GJ  cents  a  pound $lWi 

Labor  at  Jl.M)  a  dny . 45 

ProvtslonB IB 

Cost  of  hauling  seed,  jirovlBlons,  etc 20 

Total 275 

If  we  estimate,  aw  above,  that  a  stand  sufficient  to  yield  half  a  ton 
of  hay  to  the  acre  is  secured,  the  pasture  by  the  second  summer  after 
seeding  will  be  in  position  to  support  CO  additional  head  of  cattle,  or 
nearly  two-thirds  more  than  at  present,  through  the  grazing  season 
of  five  months. 

Considering  pasturage  worth  25  cents  per  month  per  head,  this 
pasture  will  be  in  a  position  to  yield  a  return  of  more  than  25  per 
cent  a  year  on  the  expense  of  seeding  it  down. 

As  a  result  of  these  investigations  two  stockmen  who  have  extensive 
holdings  in  the  mountain  grazing  areas  have  sown  timothy  in  their 
mountain  meadows.  These  men  are  much  pleased  with  the  results 
obtained  and  consider  that  the  grazing  capacity  of  their  meadows 
has  been  sufficiently  increased  to  make  reseeding  a  very  paying  in- 
vestment. 

REOTOF, 

Redtop  will  also  be  of  value  in  the  improvement  of  mountain 
meadows.  It  can  be  used  to  advantage  imder  the  conditions  shown 
in  Plate  I,  figures  1  and  2,  but  will  be  most  useful  in  reseeding  those 
places  that  are  too  wet  for  timothy.  It  will  do  well  on  those  areas 
where  timothy  grows  successfully,  and  in  the  Sierra  Nevada  Moun- 
tains of  California  will  apparently  make  a  very  good  growth  where 
it  is  a  little  too  dry  for  timothy. 

The  most  serious  objection  to  this  grass  is  that  it  is  very  slow  in 
getting  started,  especially  in  the  high  altitudes.  (See  PI.  Ill,  fig. 
1.)  It  will  be  necessary  to  wait  at  least  three  years  before  redtop  will 
make  much  of  a  showing.  Once  established  it  is  there  to  stay.  These 
investigations  have  shown  that  not  only  will  this  grass  remain  per- 
manently, but  it  will  gradually  become  thicker  in  that  part  of  the 
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meadow  in  which  it  is  sown  and  will  in  time  spread  through  the 
meadow,  eventually  crowding  out  much  of  the  native  vegetation. 

From  10  to  15  pounds  of  seed  of  the  very  best  quality  should  be 
used  to  the  acre.    If  the  seed  is  full  of  chaff  this  rate  should  be  doubled. 

Although  no  experiments  in  mixing  this  grass  with  timothy  have 
been  made,  it  is  reasonable  to  believe  that  such  a  mixture  might  prove 
valuable.  The  timothy  would  be  available  for  pasturage  the  second 
summer  after  seeding  and  for  a  number  of  years  thereafter.  The 
redtop  would  not  be  well  enough  established  to  yield  any  returns 
before  the  third  or  fourth  year.  Once  started  it  would  continue  to 
become  more  abundant  and  would  remain  permanently  even  though 
the  timothy  might  run  out. 

TALL   FB8COE. 

Were  it  not  for  the  fact  that  the  seed  of  this  grass  is  very  expen- 
sive and  that  timothy  can  be  established  at  a  much  less  cost,  tall 
fescue  would  in  all  probability  play  an  important  part  in  range  im- 
provement. It  gives  good  yields,  stands  grazing  well,  and  is  a  favor- 
ite with  stock,  as  they  prefer  it  to  either  timothy  or  redtop.  Of  all 
the  gras.ses  tried  at  the  Wenache  Mountain  station  it  has  proved  third 
best.  This  grass  should  be  sown  at  the  rate  of  25  pounds  to  the 
acre,  and  if  not  too  expensive  it  would  be  advantageous  to  harrow 
it  in. 

UBI'HARI)   (IRA88. 

The  investigations  made  in  California  indicate  that  orchard  grass 
can  probably  be  used  to  advantage  in  improving  the  mountain  graz- 
ing areas  of  that  State.  In  Washington  this  gras.s  has  made  a  very 
good  growth,  but  it  has  been  very  difficult  to  get  a  good  stand  of  it. 

Orchard  grass  will  be  of  most.value  on  those  areas  that  are  a  little 
too  dry  for  the  successful  growth  of  timothy,  such  as  the  outside 
edges  of  mountain  meadows.  (See  PI.  IV,  fig.  1.)  As  there  seems 
to  be  considerable  difficulty  in  getting  a  stand,  a  heavy  rate  of  seed- 
ing, not  less  than  25  pounds  to  the  acre,  should  be  used.  If  possible, 
the  seed  should  be  harrowed  in. 

BRO  ME- GRASS. 

Like  tall  fescue,  brome-grass  has  shown  itself  worthy  of  consider- 
ation in  reseeding  mountain  meadows.  It  has  given  a  good  stand 
and  made  an  excellent  growth.  Of  all  the  grasses  tested  it  has  been 
the  favorite  with  the  stock  pastured  on  the  section,  and  as  a  conse- 
quence has  at  times  been  very  heavily  grazed.     It  has  readily  with- 
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stood  the  occasional  ovei-grazing:^  and  the  stand  has  improved  eadh 
yeah 

At  the  present  price  of  the  seed  (about  11  cents  a  pound)  it  ia 
doubtful  A'om  a  range  standpoint  whether  it  ci.n  be  used  profitably. 
Not  only  is  the  seed  exi)ensive,  but  good  results  require  that  it  be 
harrowed  in.  ^Vlthough  its  cost  makes  it  prohibitive  for  use  alone, 
it  might  be  a  good  plan  to  sow  a  little  of  the  seed  aloi^  with  timothy. 
Once  established,  the  brome-grass  would  have  a  tendency  to  thicken 
and  would  probably  be  permanent. 

3I0UNTAIN    BttOME-GRABS. 

ThiH  grans  is  a  native  of  the  mountaiiii>  of  the  Western  States.  It 
formerly  grew  quite  abundantly  on  the  gravelly  hillside  areas  of 
tliei^  mountains,  but  has  been  largely  exterminated  through  overpas- 
turiiig.  The  experiments  at  the  Wenache  Mountain  station  show 
that  it  can  easily  be  reseeded  and  that  an  excellent  stand  can  be 
set'ured.  Investigations  made  in  the  Warner  Mountains  of  Califor- 
nia confirm  this  conclusion.  As  the  seed  is  large  and  heavy  it  should 
be  sown  at  the  rate  of  25  pounds  to  the  acre.  AVTiile  mountain  brome- 
grass  can  lie  reiaitroduced  by  merely  reseeding  the  ground,  the  best 
results  will  l>e  obtained  if  the  seed  is  harrowed  in.  Next  to  timothy 
this  grass  has  made  tlie  best  growth  of  any  of  those  included  in  the 
exi)eriments  here  recorded.  From  the  standpoint  of  yield  and  as  a 
grass  to  cover  the  denuded  side-hill  areas,  it  will  prove  entirely  sat- 
isfactory. (See  PI.  Til,  fig.  2.)  Its  chief  drawback  lies  in  the  fact 
that  stock  will  not  eat  mountain  brome-grass  readily  when  they  can 
find  more  palatable  feed.  The  plot  at  the  Wenache  Mountain  station 
has  l>een  grazed  but  very  little.  It  has,  however,  been  located  near 
others  liearing  grasses  that  are  naturally  favorites  with  stock.  In 
contrast  to  this  it  is  nnticeablo  that  whenever  this  grass  occurs  on  the 
oi>en  range  or  in  places  where  there  is  not  an  overabundance  of  feed, 
it  is  readily  eaten. 

SLENDKR  WHEAT-0RA8S. 

As  the  experiments  tried  at  the  Wenache  Mountain  station  with 
slender  wheat-grass  were  not  begun  in  the  fall  of  1904,  the  plots  are 
not  old  enougli  to  draw  definite  conclusions.  There  are,  however, 
sti-ong  indications  that  this  grass  will  piwe  of  considerable  value  in 
ivseeding  gravelly  hillside  areas. 

Extensive  experiments  are  now  being  carried  on  with  this  grass 
in  the  Warner  Mountains  of  California  to  determine  the  practicability 
of  using  it  in  the  restoration  of  the  o\'ergraze<l  gravelly  areas  of  the 
mountain  sides  at  high  altitudes.  These  exi>eriments  are  under  the 
dii'ect  charge  of  Mr.  X.  H.  Iloguc,  supervisor  of  the  Warner  Moun- 
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tain  National  Forest.  If  they  succeed  this  grass  will  be  of  great 
value  in  the  improvement  of  such  areas,  as  it  is  greatly  superior  to 
mountain  brome-grass,  being  much  more  palatable  to  stock  and  also 
more  nutritious. 


At  the  present  time  the  clovers  can  not  be  recommended  in  improv- 
ing mountain  meadows.  In  all  the  experiments  at  the  Wenache 
Mountain  station  they  have  been  complete  failures.  During  the  first 
two  years  of  its  existence  the  alsike  clover  gave  an  excellent  stand. 
It  made  a  very  poor  growth,  however,  and  finally  died  out. 

The  white  cloVer  tried  at  the  Wenache  Mountain  station  both  in  the 
plots  and  by  Babcock  &  Benign  proved  a  failure.  On  the  Cooke  & 
Bull  range,  which  is  from  1,000  to  1^00  feet  lower,  the  very  same 
seed  has  given  a  fairly  good  stand,  but  it  has  not  as  yet  made  a  very 
large  growth, 

MBTHOI»  OT  BEBEESIlfa. 

In  thiH  work  the  writer  has  obtained  the  best  results  by  using  a 
hand  seeder  such  as  is  commonly  used  in  seeding  alfalfa.  With  such 
a  machine  a  man  can  easily  sow  from  10  to  12  acres  a  day.  This 
acreage  can  be  greatly  increased,  especially  in  scattered  areas,  if  a 
saddle  horse  is  used  and  the  sowing  is  done  on  horseback. 

If  the  seeding  is  done  in  wet  meadows,  where  there  is  more  or  less 
standing  water,  it  will  probably  be  best  to  wait  until  late  spring  or 
early  summer  when  the  ground  and  soil  water  are  so  warm  that 
the  seed  will  germinate.  The  grass  will  then  become  sufficiently  es- 
tablished to  withstand  the  coming  winter.  In  sowing  timothy  and 
ledtop,  except  on  very  wet  areas,  the  best  results  will  be  obtained  if 
the  ground  is  seeded  late  in  the  fall  just  before  the  snow  falls.  At 
that  time  there  will  be  no  danger  of  the  seed  sprouting  and  being 
killed  by  cold  weather.  The  following  spring  the  melting  snows  will 
tend  to  carry  the  seed  below  the  loose,  mulchy  soil  to  the  moist  com- 
pact soil  beneath.  Continued  observation  has  shown  that  this  loose, 
mulchy  soil  becomes  too  dry  on  top  for  the  germination  of  seed  al- 
most as  soon  as  the  snow  is  gone  and  within  a  very  few  hours  after 
a  shower.  It  is  theiefore  essential  that  the  seed  be  gotten  imder  the 
mulch  by  some  such  means  as  the  melting  of  snow,  a  heavy  shower, 
or  harrowing.  These  grasses  can  be  seeded  in  the  spring,  but  imless 
there  are  very  favorable  rains  it  will  be  necessary  that  the  seed  be 
harrowed  in,  if  the  work  is  to  be  successful.  A\'bere  the  seed  is  rather 
large,  as  is  the  case  with  brome-grass,  orchard  grass,  and  slender 
wheat-grass,  it  is  probable  that  the  extra  stand  secured  will  justify 
the  extra  cost  of  harrowing. 
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Plowing  and  a  thorough  preparation  of  the  soil  are  advocated  by 
some.  If  the  cost  of  getting  the  plow  into  the  high  mountains  and  of 
operating  it  there  be  taken  into  consideration,  this  method  will  ordi- 
narily be  found  impracticable.  The  results  obtained  at  the  Wenache 
Mountain  station  show  that,  with  the  exception  of  slender  wheat-grass 
and  orchard  grass,  the  stands  secured  on  plowed  ground  have  been 
very  little,  if  any,  better  than  where  the  seed  was  merely  harrowed  in. 
Not  only  is  plowing  unnecessary,  but  under  some  circumstances  it 
would  be  positively  injurious.  There  are  numerous  mountain 
meadows  which  are  practically  surrounded  by  hills  that  have  been 
denuded  of  vegetation  by  overgrazing.  To  plow  such  a  meadow 
would  be  a  very  dangerous  proceeding.  The  instant  the  soil  is 
loosened  the  first  rush  of  water  from  these  hills  after  a  heavy  rain  or 
a  spring  freshet  will  carry  all  the  soil  away  and  completely  ruin  the 
meadow. 

OTHEB  OIFBOVEMENTS. 

^Vhile  reseeding  is  the  main  factor  in  the  improvement  of  mountain 
meadows  there  are  three  other  means  that  under  some  circumstances 
can  be  iised  to  advantage  and  will  be  of  considerable  importance  in 
making  the  reseeding  pay.  These  are  (1)  the  drainage  of  meadows 
that  are  too  wet,  (2)  the  filling  in  of  old  washouts,  and  (3)  irrigation, 

DRAIN AOE. 

Many  mountain  meadows,  especially  in  high  altitudes,  are  too 
wet  for  the  growth  of  suitable  forage.  The  prevailing  vegetation 
consists  of  sedges,  rushes,  and  other  water-loving  plants.  The  quality 
of  this  feed  is  ver^'  poor.  If  these  meadows  can  be  properly  drained 
the  native  vegetation  growing  on  the  drier  areas,  which  usually  has 
a  much  higher  forage  value,  will  gradually  work  into  the  drained 
areas  and  supplant  the  original  vegetation.  This  will  bring  about 
a  very  great  improvement  in  the  quality  of  feed  produced.  After  the 
meadows  have  been  drained  it  is  recommended  that  they  be  seeded 
down  to  either  timothy  or  redtop.  esi>ecially  if  they  have  been  sub- 
jected to  overgrazing  in  the  past.  The  combined  drainage  and  seed- 
ing will  result  in  greatly  increasing  the  carrying  capacity  of  the 
meadows.  Xot  only  will  there  be  more  forage,  but  it  will  be  of  much 
better  quality. 

This  method  of  improvement  must  be  used  with  a  great  deal  of 
care,  for  if  the  draining  is  not  properly  done  it  may  result  in  the  de- 
struction of  the  meadow.  Pains  should  be  taken  to  see  that  the 
drains  are  not  cut  too  deep  and  that  there  is  no  danger  from  future 
washouts.  If  such  a  meadow  is  surrounded  by  steep  hills  that  have 
been  denuded  of  vegetation  so  that  there  is  danger  of  a  sudden  rush 
of  water,  it  will  be  much  safer  to  leave  it  undrained. 
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r    WABHODTB. 


A  large  number  of  mountain  meadows  are  not  producing  nearly 
the  quantity  of  feed  they  formerly  did.  Ordinarily  this  is  because 
the  meadows  and  the  surrounding  hills  have  been  too  severely  over- 
grazed in  years  gone  by.  As  a  result  the  water  from  the  melting 
snows  or  from  rains  goes  out  with  a  rush  and  the  little  creeks  that  run 
through  these  meadows  have  cut  deep  channels.  Plate  IV,  figure 
2j  shows  such  a  cut  in  the  process  of  formation.  These  cuts  serve  as 
drains,  but  being  too  deep  draw  off  the  ground  water  too  far  beneath 
the  roots  of  the  vegetation.  This  results  in  the  death  of  the  vegeta- 
tion or  in  greatly  lowering  its  rate  of  growth.  It  also  enables  many 
drought-resistant  weeds  that  are  of  little  forage  value  to  get  a  foot- 
hold and  crowd  out  the  original  vegetation. 

Some  of  these  meadows  could  be  restored  to  their  former  carrying 
capacity  by  throwing  dead  logs,  brush,  and  other  rubbish  into  the 
creeks  at  intervals.  This  rubbish  will  tend  to  catch  the  silt  that 
washes  down,  and  thus  gradually  fill  up  the  cuts  that  have  been 
formed.  This  has  been  very  successfully  done  in  the  mountains  of 
California  in  one  or  two  instances  that  have  come  under  the  writer's 
notice. 


There  are  a  number  of  mountain  meadows  where  the  quantity  of 
forage  produced  (PI-  IV,  fig.  1 )  can  be  greatly  increased  if  the  water 
from  the  streams  running  through  them  can  be  diverted  and  allowed 
to  spread  over  the  land.  A  number  of  instances  have  been  noticed 
where  stockmen  have  plowed  a  furrow  along  the  outer  and  higher 
edges  of  a  meadow  or  along  the  side  hill  just  above  it  and  have  di- 
verted the  water  from  the  creeks  to  these  furrows  with  excellent  re- 
sults. The  increase  in  the  forage  produced  where  the  water  from 
these  furrows  has  been  allowed  to  seep  through  the  ground  has  in 
some  instances  Ijeen  quite  striking.  It  would  ordinarily  require  only  . 
a  small  outlay  of  work  to  make  these  furrows.  As  it  is  usually 
necessary  to  keep  a  herder  or  fence  rider  to  look  after  the  stock,  it 
will  take  very  little  extra  time  on  his  part  to  see  that  the  water  is 
projjerly  diverted  to  such  furrows. 

CONCLTTSIONS. 

(1)  The  experiments  and  investigations  carried  on  during  the  past 
five  years  by  the  Bureau  of  Plant  Industry  show  that  the  carrying 
capacity  of  mountain  meadows  can  be  greatly  increased  by  reseeding 
with  tame  grasses, 

(2)  The  grasses  best  adapted  to  this  purpose  are  timothy  and  red- 
top.  This  is  because  they  can  be  sown  the  most  economically  and  will 
give  the  best  returns. 
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(3)  The  introduction  of  timothy  into  a  devastated  mountain 
meadow  will  mean  that  the  carrying  capacity  of  such  a  meadow  will 
be  increased  so  that  an  acre  will  carry  a  1^00- pound  steer  at  least  one 
month  longer  than  it  did  previously.  Ordinarily  it  will  carry  him 
two  months  longer. 

(4)  Timothy  can  be  introduced  at  a  cost  of  95  cents  per  acre.  If 
pasturage  is  worth  25  cents  a  month  for  each  head  of  stock,  it  is 
i-easonable  to  expect  a  return  of  more  than  25  per  cent  on  the  cost  of 
reseeding. 

(5)  Redtop  will  be  of  most  value  in  reseeding  those  places  that  are 
too  wet  for  timothy. 

(6)  A  mixture  of  timothy  and  redtop  will  probably  prove  valuable. 
Timothy  will  give  returns  quickly,  while  redtop  is  more  permanent 
and  has  a  tendency  to  spread. 

(7)  Brome-grass,  tall  fescue,  and  orchard  grass  have  proved  to  be 
well  adapted  to  mountain-meadow  conditions,  but  the  cost  of  their 
introduction  will  prohibit  their  extensive  use. 

(8)  Mountain  brome-grass  will  readily  recover  the  gravelly  hillside 
areas  that  have  been  denuded  by  overgrazing.  Where  there  is  an 
abundance  of  succulent  feed  this  grass  is  not  readily  grazed  by  stock. 

(9)  Slender  wheat-grass  may  eventually  prove  of  more  value  on 
the  mountain  slopes.  Experiments  to  determine  this  point  have  not 
been  continued  sufficiently  long  to  permit  definite  conclusions  to  be 
drawn. 

(10)  Timothy  and  redtop  should  be  sown  in  the  late  autumn  in 
order  to  save  the  expense  of  harrowing. 

(11)  Where  the  seed  is  large,  as  in  the  case  of  brome-grass,  moun- 
tain brome-grass,  etc.,  harrowing  is  strongly  recommended. 

(12)  Plowing  is  ordinarily  impracticable  and  sometimes  positively 
injurious. 

(18)  Drainage,  partial  irrigation,  and  the  filling  in  of  old  washouts 
will  sometimes  aid  in  tlie  iniprovement  of  native  meadows. 
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SESCBIFTION  OF  PULTES. 

Pt.ATB  I.  MquDUIn  m^kdows  In  the  Warner  MountaioB,  California,  where 
tlniotby  can  be  sown  to  eiccellent  advantage.  Fig.  1. — A  typical  moist 
mountain  meadow  where  ail  vegetation  has  been  destroyed  and  a  spcclex 
of  Veratruni  baa  taken  Its  place.  This  Is  nn  ideal  place  for  seeding  with 
timothy  und  redtop.  Fig.  2. — The  edge  of  a  badly  overgrazed  mountain 
meadow  where  timothy  should  be  sown.  Reseedlng  would  greatly  Increase 
the  carrying  capacity  of  this  meadow. 

PijiTB  11.  Results  of  reseedlng.  Fig.  1. — A  portion  of  a  monntaiD  meadow 
allowed  to  reslore  Itself  through  protection  from  overgrazing.  Fig.  2. — 
A  i)ortion  of  the  aame  meadow  (Just  Inside  fence)  where  timothy  was  sown 
In  1902.    It  bus  been  closely  grazed  eucb  fall  sluce. 

Plate  III,  Plots  at  the  Wenache  Slountoln  station.  Fig,  1.— Meadow  seeded 
with  redtop  four  yeurs  previously.  The  dark  streaks  In  the  picture  are  the 
young  redtop  heads.  Fig.  2. — Meadow  seeded  with  mountain  brome-grasH 
{Bromw«  niarginalut).  The  boundary  line  of  the  plot  la  plainly  shown  lu 
the  foreground. 

Plate  IV.  Mountain  meadow  where  the  carrying  capacity  has  been  lowered 
by  a  stream  cutting  a  deep  channel,  thus  draining  the  meadow  too  much. 
Fig.  l.^Geiieral  view  of  the  meadow.     Fig.  2. — The  same  meadow  illus- 
trated In  figure  ],  showing  the  early  stjiges  of  erosion. 
1« 
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Fig.  Z.— The  Edge  of  an  Overgrazed  Meadow  Where  Timothv  and  Redtop  Shouuo 
MOUNTAIN    MEADOWS    THAT    SHOULD    BE    RESEEDED.         ■ 
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,— A  PoBTioM  OF  A  Mountain  Meadow  Resroneo  Through  Protection, 


Fig.  2.— a  Portion  of  the  Same  Meadow  Seeded  t 
RESULTS    OF    RESEEDING. 
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—Meadow  Seedeo  with  Redtop  Four  Years  Previousi-y. 


FiQ.  2— Meadow  Seeded  with  Mountain  Brome-Grass. 
PLOTS    AT    THE    WENACHE    MOUNTAIN    STATION. 
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Fia.  1.— General  View  of  the  Meadow. 


FiQ.  2. -The  Same  Meadqw,  Showing  Early  Stages  of  Erosion. 

MOUNTAIN    MEADOW    INJURED    BY    EROSION.       oOqIc 
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TJ.  S.  Defaktment  of  Aoricultuhe, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washiiiffton,  I).  C,  Mari-h  Jo,  lOOH. 

Sir:  I  have  (he  honor  to  transmit  herewith  and  to  reoommend  for 
publication  as  Bulletin  No.  128  of  the  series  of  this  Bureau  the 
accompanying  manuscript,  entitled  "  Egyptian  Cotton  in  the  South- 
western United  States,"  by  Thomas  H.  Kearney,  Pliysiologist  in 
Charge  of  Alkali  and  Drought  Resistant  Plant  Breeding  Investiga- 
tions, and  William  A.  Peterson,  Farm  Superintendent,  Western 
Agricultural  Extension  Investigations, 

This  bulletin  calls  attention  to  the  fact  that  we  now  import  from 
Egypt  an  average  of  sixty  million  pounds  of  cotton  imnually,  not- 
withstanding the  fact  that  this  country  far  surpasses  all  others  in  its 
exports  of  this  staple.  The  Bureau  of  Plant  Industry  has  experi- 
mented for  several  years  past  with  a  view  to  establishing  Egyptian 
cotton  culture  in  some  portion  of  the  United  States.  In  the  main 
cotton  belt  the  results  on  the  whole  have  not  been  encouraging,  but 
in  the  irrigated  districts  of  the  extreme  Southwest,  notably  in  south- 
ern Arizona  and  southeastern  California,  much  progress  has  been 
made  in  acclimatizing  two  of  the  leading  varieties  and  improving 
them  by  selection. 

The  climatic  and  soil  conditions  of  the  Colorado  River  region  are 
admirably  adapted  to  cotton  growing  and  considerable  interest  in 
this  crop  has  recently  been  manifested  there.  Owing,  however,  to 
the  distance  from  manufacturing  centers  and  the  high  price  of  labor 
which  prevails,  it  is  believed  that  a  profitable  cotton  industry  can 
be  developed  in  that  region  only  by  associating  it  with  some  special 
type  of  cotton  bringing  a  higher  price  than  Middling  Upland  and 
not  grown  elsewhere  in  the  United  States,  Egyptian  cotton  fully 
meets  these  requirements.  * 

Respectfully,  B.  T.  (talixjway. 

Chief  of  Bureau. 

Hon.  James  Wii-son, 

Secretary  of  Agrirulfure. 
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EGYPTIAN  COnON  IN  THE  SOUTHWESTERN 
UNITED  STATES. 


INTBODUCTION. 

Although  the  United  States  is  by  far  the  greatest  cotton-producing 
country  in  the  world,  a  large  quantity  of  this  staple  is  every  year 
imported  from  Egypt,  During  the  past  ten  years  the  direct  imports 
from  Egypt  have  averaged  nearly  fifty-four  million  pounds,  besides 
un  average  annual  importation  from  Great  Britain  of  eight  and  one- 
half  million  pounds,  the  great  bulk  of  which  was  undoubtedly  pro- 
duced in  Egypt.  In  1907  the  valne  of  the  direct  imports  from  Egypt 
exceeded  ail  records,  amounting  to  over  $16,000,000.  The  average  price 
of  this  cotton  on  the  Boston  market  in  1907  was  21.9  cents  per  pound. 

Several  varieties  of  cotton  are  grown  in  Egypt,  but  all  of  them  are 
of  one  well-marked  type  that  resembles  in  many  respects  the  Ameri- 
can Sea  Island.  They  are  characterized  by  long  and  very  strong 
fiber,  smooth  seeds,  small,  pointed,  three-locked  bolls,  and  yellow 
flowers.  Some  of  them,  notably  the  Abbasi  and  Jannovitch  varieties, 
are  second  only  to  Sea  Island  cottons  in  the  length,  fineness,  and  silki- 
ne&s  of  their  fiber.  The  first  is  pure  white,  the  latter  of  a  very  light 
cream  color.  The  most  extensively  grown  ^■a^iety,  Mit  Afifi,  has 
a  soft,  rather  crinkly  fiber  of  a  characteristic  light  brown  color  that 
renders  it  especially  useful  for  certain  classes  of  cotton  goods  in  which 
the  natural  color  of  the  fiber  is  retained.  The  great  strength  and  high 
degree  of  twist  allow  the  production  of  a  very  strong  yarn.  Tlie  best 
Egyptian  cottons  bring  a  price  second  only  to  that  paid  for  the  high- 
est grades  of  Sea  Island,  bt'ing  u.sed  solely  in  the  manufacture  of  the 
finest  goods.  They  are  especially  suitable  for  mercerizing,  taking 
this  process  better  than  either  Sea  Island  or  Upland  cottons,  and  are 
largely  used  for  mixing  with  silk  and  for  the  manufacture  of  cloths 
in  which  a  high  finish  and  luster  are  required. 

In  view  of  the  considerable  value  of  this  import,  the  Department  of 
Agriculture  is  endeavoring  to  develop  Egj'ptian  cotton  culture  in 
the  United  States  in  order  to  supply  our  own  market  with  a  home- 
grown product.  The  Office  of  Seed  and  Plant  Introduction  has  sev- 
eral times  imported  seed  of  the  standard  Egj-ptian  varieties  and 
these  have  been  tested  at  many  localities  throughout  the  main  cotton 
belt  from  South  Carolina  to  Texas,  as  well  as  in  extreme  western 
Texas,  New  Mexico,  Arizona,  and  southeastern  California. 
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In  the  humid  part  of  the  United  States,  where  cotton  is  already 
the  principal  crop,  the  Egyptian  types  have  given  only  indifferent 
Fuccess,  although  the  quality  of  the  fiber  produced  has  in  many  cases 
been  excellent.  The  chief  drawback  has  been  their  late  ripening,  and 
hence  the  failure  to  obtain  full  yields. 

Success  in  this  effort  can  be  looked  for  in  the  Southwest,  and  es- 
pecially in  the  Colorado  River  region,  where  the  very  long,  hot,  almost 
rainless  summers,  deep  alluvial  soils,  and  irrigated  agriculture  ap- 
proximate the  conditions  obtaining  in  Egypt.  The  length  of  the 
season  in  southern  Arizona  and  southeastern  California  permits  many 
more  bolls  to  ripen  on  plants  of  the  Egyptian  varieties  and  hence 
larger  yields  than  anywhere  in  the  cotton  belt  proper. 

That  success  could  be  expected  in  the  Southwest  had  already  been 
indicated  by  the  results  obtained  at  Phoenix,  Ariz.,  in  1900  and  1901 
by  the  Territorial  Experiment  Station.  In  1902  the  Bureau  of  Plant 
Industry  conniienced  experiments  with  Egyptian  varieties  at  Bar- 
stow,  Tex.,  and  Carlsbad,  N.  Mex.  (both  localities  in  the  Pecos 
Valley),  and  at  Yuma,  Ariz.,  and  Calexico,  Cal.,  the  latter  two 
localities  being  in  the  Colorado  River  region.  For  various  reasons 
the  work  was  finally  concentrated  at  Yuma. 

During  the  fii'st  three  years  the  results  were  far  from  encouraging, 
so  far  at  least  as  the  Mit  Afifi  variety  is  concerned.  The  plants 
made  an  exceedingly  rank  growth,  were  relatively  sterile,  the  bolls 
opened  very  late  and  imperfectly,  and  the  fiber  was  relatively  short 
and  coarse.  After  five  years  of  acclimatization  and  selection,  how- 
ever, there  has  been  a  very  great  improvement  in  all  these  respects. 
In  1907  Mit  Afifi  cotton  yielded  at  Yuma  at  the  rate  of  990  pounds 
of  fiber  to  the  acre,  a  yield  practically  equal  to  that  of  the  most 
productive  Upland  variety  that  was  grown  in  the  same  field.  The 
fiber  averaged  nearly  1^  inches  long,  was  exceedingly  strong,  and 
possessed  the  delicate  brown  color  that  is  so  desirable  in  this  type. 
The  bolls,  although  much  smaller  than  those  of  Upland  varieties, 
opened  perfectly.  It  was  found  that  the  cost  of  picking  was  only 
about  one  and  one-half  times  as"  much  for  Egyptian  cotton  as  for 
such  large-l)olled  Upland  varieties  as  Triumph  and  Rogers  Big  Boll. 

In  view  of  these  results,  the  possibility  of  establishing  Egyptian 
cotton  culture  on  a  commercial  scale  in  tlie  irrigated  valleys  of  the 
Southwest  deserves  serious  consideration.  The  remoteness  from  ex- 
isting markets  and  the  scarcity  and  cost  of  labor  make  it  very  doubt- 
ful whether  short-staple  Upland  varieties  can  be  profitably  grown  in 
that  part  of  the  country  unless  the  imusually  higli  prices  of  the  last 
few  years  are  maintained.  On  the  other  hand,  the  more  valuable 
long-staple  Upland  or  "  Peeler "  varieties  have  not  yet  yielded 
at  Yuma  as  heavily  as  the  acclimatized  Egyptians,  The  best  pros- 
pect of  building  up  a  permanently  renmnerative  cotton  industiy  in 
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the  Southwest  undoubtedly  lies  in  identifying  that  region  with  the 
production  of  a  special  tyj>e  of  high-grade  cotton,  one  that  is  grown  in 
no  other  part  of  the  United  States  and  is  demanded  by  a  special 
market  willing  to  pay  high  prices  for  a  first-class  product.  All  these 
requirements  are  met  by  Egyptian  cotton  and  by  no  other. 

The  climatic  conditions  of  the  Colorado  River  region  in  southern 
Arizona  and  southeastern  California  are  unrivaled  from  the  stand- 
point of  cotton  growing.  At  least  600,000  acres  of  excellent  land  are 
or  soon  will  be  under  ditch  in  the  Imperial,  Yuma,  Salt,  and  Gila 
valleys.  One-fifth  of  this  acreage  could  produce  the  average  amount 
of  Egyptian  cotton  that  is  annually  imported  into  the  United  States. 
The  soils  are  for  the  most  part  very  fertile  and  an  abundant  and  per- 
manent supply  of  water  for  irrigation  is  at  hand.  It  has  been  dem- 
onstrated that  yields  of  one  to  two  bales  per  acre  are  possible  in  this 
region  and  the  filler  produced  has  been  pronounced  by  experts  as 
equal  to  the  better  grades  imported  from  Egypt. 

Two  principal  difficulties  remain  to  be  overcome:  Labor  and  mar- 
keting. Since  cotton  must  be  picked  by  hand,  the  first  is  a  serious 
difficulty  in  a  region  where  labor  is  so  scarce  and  high  priced.  The 
problem  of  transimrtation  also  remains  to  be  solved.  But,  in  view 
of  the  high  price  brought  by  this  cotton,  there  is  good  reason  to  believe 
that  it  will  be  foimd  feasible  to  ship  it  by  rail  to  Pacific  coast  or  even 
to  Gulf  ports,  and  thence  by  water  to  the  New  England  cities  where 
it  is  manufactured.  So  long  as  these  problems  remain  unsolved,  how- 
ever, farmers  who  are  contemplating  growing  cotton  in  the  South- 
west are  cautioned  to  look  carefully  into  the  possibilities  of  picking 
and  marketing  their  crop  before  planting  any  considerable  acreage. 

Since  there  is  every  indication  that  Egyptian  varieties  offer  the 
best  prospect  of  building  up  a  profitable  and  lasting  cotton  indus- 
try in  the  irrigated  valleys  of  the  Southwest,  planters  in  that  region 
are  urged  to  consider  the  question  carefully  before  committing  them- 
selves to  growing  Upland  varieties.  The  introduction  of  the  latter 
would  seriously  interfere  with  keeping  the  Egyptian  varieties  up  to 
the  high  standard  which  has  been  attained,  since  a  certain  amount  of 
crossing  would  inevitably  take  place.  Moreover,  Indians  and  other 
pickers,  should  they  become  accustomed  to  the  large-bolled  Upland 
varieties,  would  be  more  reluctant  to  pick  the  small  Egyptian  bolls 
than  if  they  were  familiar  only  with  the  latter.  Finally,  there  would 
be  danger  of  introducing  with  the  seed  of  T^pland  varieties  some  of 
the  diseases  and  insect  enemies  that  ravage  this  crop  in  the  South- 
em  States,  but  have  not  yet  appeared  in  the  isolated  valleys  of  the 
Southwest. 

The  introduction  of  the  cotton  boll  weevil  would  be  ruinous  to  the 
industry  at  the  very  outset.  Immunity  from  this  destructive  insect 
can  be  insured  only  by  a  rigorous  inspection  of  all  cotton  seed  intro- 
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duced  from  the  weevil-infested  district,  which  now  includes  prac- 
tically the  whole  of  Texas,  as  well  as  parts  of  Louisiana,  Mississippi, 
Arkansas,  and  Oklahoma.  The  safest  plan  would  be  to  admit  no  seed 
from  other  cotton-growing  districts  that  has  not  been  thoroughly 
fumigated." 

Those  who  contemplate  experimenting  with  Egyptian  varieties  of 
cotton  should  avoid  the  use  of  directly  imported  seed,  which  is  likely 
to  give  disappointing  results  during  the  first  two  or  three  years  it  is 
grown  in  the  United  States  and  hence  to  prejudice  the  grower  against 
this  type  of  cotton.  Thoroughly  acclimatized  seed  is  under  all  cir- 
cumstances to  be  preferred. 

Since  cotton  growing  under  irrigation  in  an  arid  climate  is  still  in 
the  experimental  stage  in  the  United  States,  it  has  been  deemed  ad- 
visable to  begin  this  paper  with  a  brief  description  of  the  physical 
conditions  prevailing,  the  varieties  grown,  and  the  cultural  methods 
used  in  Egypt,  where  the  crop  is  produced  under  irrigation  with 
great  success  on  a  large  scale.  The  portion  of  the  Unitea  States  that 
most  resembles  Egypt  in  its  physical  characteristics  will  then  be 
taken  up  and  the  principal  features  of  its  climate,  soils,  and  water 
supply  will  be  pointed  out.  The  results  so  far  obtained  in  adapting 
Egyptian  cottons  to  this  area  by  acclimatization  and  breeding  will 
next  be  discussed.  Experiments  in  methods  of  growing  the  crop 
under  irrigation  are  described  and  such  recommendations  as  to  cul- 
tural practices  are  given  as  the  information  now  at  hand  will  warrant. 
COTTON  CULTITB.E  IN  EGYPT. » 

No  country  in  the  world  is  better  adapted  than  Egypt  to  growing 
cotton.  The  long,  hot,  rainless  summers,  deep  alluvial  soils,  plentiful 
supply  of  water  for  irrigation,  abundance  of  cheap  labor,  facilities 
for  economical  transportation  to  the  best  markets,  and,  last  but  not 
least,  the  possession  of  distinct  and  very  valuable  types  of  cotton 
are  a  combination  of  conditions  for  the  production  of  this  staple  that 
is  well-nigh  unrivaled.  Hence  it  is  that  cotton  can  Ix-  grown  at  a 
profit  in  the  Nile  IJelta  on  land  that  sells  for  from  $300  to  $800  an  acre. 

o  Fflrmers'  Bulletin  209  gives  (u!l  imrtlculars  rPBardliig  the  fumigation  of 
cotton  9oe<l. 

*TLb  followliift  description  Is  tinaed  iinrtly  on  the  results  of  an  expedition  to 
Egypt  mnde  for  the  Office  of  Seed  and  Plant  Introduction  In  1002  by  Messrs. 
T.  H.  Kennify,  of  the  Bureau  of  Plant  Imlustrj-.  and  T.  H.  Means,  formerly  of 
the  Bureau  of  Solla,  now  of  tbe  United  ^taten  Keclainallon  Service,  the  primary 
object  of  which  was  to  study  the  cotton  Industry  of  the  country  and  tbc  climatic 
and  soil  conditions  under  wblcb  It  exists.  Putillslipd  accounts  of  Egyptian  agri- 
culture have  also  been  freely  consulted.  In  regard  to  the  varieties  grown  and 
the  cultural  methods  used,  mucb  Information  baa  been  drawn  from  Mr.  G.  P. 
Foaden's  Notes  on  f^gjiitlttn  Agriculture,  published  as  Bulletin  63  of  the  Bureau 
of  Plant  Industry.  U.  S.  Department  of  Agriculture,  19W,  to  which  the  reader 
is  referred  for  further  details. 
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Agricultural  Egypt  consists  of  the  long  narrow  valley  and  the 
broad  fan-shaped  delta  of  the  River  Nile.  In  the  Nile  Valley  south 
of  Cairo  about  2,300,000  acres  are  in  crops,  while  in  the  Delta,  where 
nine-tenths  of  the  cotton  is  produced,  there  are  3,400,000  acres  of  cul- 
tivated land.  All  of  this  land  is  under  irrigation^  the  rainfall  being 
wholly  inadequate  for  crop  production.  An  elaborate  system  of 
canals  carries  the  water  of  the  river  to  every  part  of  the  cultivated 
area.  The  recent  completion  of  two  great  dams  on  the  Nile  in  Upper 
Egypt,  one  for  storage  and  the  other  for  diversion,  in  addition  to 
the  diversion  dam  that  has  stood  for  many  years  at  the  point  where 
the  river  forks,  a  few  miles  nortli  of  Cairo,  insures  a  sufficient  supply 
of  water  to  irrigate  practically  this  entire  acreage,  even  in  years  wlien 
the  river  is  lowest. 

While  other  summer  crops,  such  as  rice,  Indian  com,  and,  in  south- 
em  Egypt,  sugar  cane  and  sorghum,  are  extensively  grown,  cotton  is 
by  far  the  most  important  money  crop  of  the  country  and  is  in  fact 
the  backbone  of  Egyptian  agriculture.  It  is  estimated  that  this  crop 
now  occupies  annually  from  one  and  one-half  to  one  and  three- 
fourths  million  acres.  The  fertility  of  (he  soil  is  in  large  part  main- 
tained by  the  almost  universal  practice  of  growing  in  winter  legu- 
minous forage  crops,  the  most  important  of  which  is  berseem.  or 
Alexandrian  clover."  Cotton  is  grown  once  every  two  or  three  years 
in  rotations  which  include  clover  or  beans  and  wheat  or  barley  as 
winter  crops  and  Indian  corn  as  a  late  summer  crop. 

PHYSICAL   CHARACTERISTICS   OF   THE    tX5DNTRY. 


Egypt  is  essentially  a  great  oasis  in  tiie  midst  of  the  most  extensive 
body  of  extremely  arid  land  in  the  world.  West  of  the  Nile  and 
beginning  almost  at  the  river  bank  the  Sahara  stretches  across  north- 
ern Africa  to  the  Atlantic  Ocean.     From  the  east  bank  of  the  river, 

■For  a  deserlpUon  of  thla  plant  and  the  Important  part  It  plays  In  Eftyptiau 
agriculture,  aee  Bulletin  No.  23  of  tlie  Bureau  of  Plant  Industry,  11W2:  also 
BulletlD  No.  62  of  ttie  same  iierlea.  pp.  4C-^a 

^The  meteorological  data  for  Eeyi>litiu  localities  are  taken  from  Capt.  It.  Ci. 
Lyons'  "  PhysloKrapUy  of  tbe  Nile  River  and  Its  Basin."  Cairo,  lliOfl,  pjk  aW  to 
2SS  aod  339  to  341.  The  leagtb  of  the  periods  cuverod  by  the  obtiervatiotis  in 
not  stated.  The  data  for  Pli()enlx  and  Yuma,  Ariz.,  have  been  ol)liiined  from 
Prof.  A.  J.  Henry's  "Climatology  of  the  United  States,"  Bulletin  Q,  T,'.  S. 
Weather  Bureau,  lOOG,  pp.  007  and  000.  The  observations  of  temperature  and 
humidity  at  Phoenls  cover  a  period  of  eight  years.  Those  of  tetinierature  at 
Tuma  cover  a  period  of  twenty-eight  years  and  those  of  humidity  one  of 
fifteen  years.  It  should  be  noted  that  the  obger^'ationB  are  taken  at  Phoenix 
at  a  height  of  47  feet  above  the  ground  and  at  Yuma  at  a  lielgbt  of  IS  feet  (5 
feet  daring  the  first  ten  years),  a  difference  that  should  probably  be  taken  Into 
accoimt  In  comparing  the  records  from  the  two  etatlons.  ,     V^iOllOIC 
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interrupted  only  by  the  narrow  Red  Sea,  the  desert  extends  to  north- 
western India.  Consequently,  except  in  the  district  near  the  Medi- 
terranean Sea,  Egypt  has  an  arid  climate.  In  southern,  Egypt 
especially  the  air  is  very  dry  and  the  rainfall  is  exceedingly  light,  the 
annual  average,  even  at  Cairo,  being  only  1  inch.  In  the  Delta 
region,  which  borders  on  the  Mediterranean,  the  rainfall  is  greater, 
averaging  8,26  inches  at  Alexandria,  on  the  coast.  The  mean  relative 
humidity,  especially  in  the  months  from  March  to  August,  is  also 
considerably  greater  in  that  part  of  the  country. 

As  regards  temperature,  Egjpt  possesses  a  subtropical  climate,  the 
greater  part  of  the  country  being  nearly  frost-free.  The  winters  are 
short  and  mild,  the  summers  very  long  and  hot.  These  are  excellent 
conditions  for  the  varieties  of  cotton  grown  in  Egypt,  which  require 
an  unusually  long  season  in  order  to  ripen  their  entire  crop. 

The  following  table  affords  a  comparison  of  the  temperatures  of 
Egypt  with  those  of  the  southwestern  portion  of  the  United  States: 


Alexandria,  Egypt. 

Oa 

ro.Egj 
Usan 

pt. 

Phoenix.  Ariz. 

YomB,  Ariz. 

Month 

Uaan 

Mean 

Mean 

Mean 

MejnlMMn 

Me.„. 

mum. 

mum 

Mean. 

mt^Jm^' 

mum 

Mean. 

mom. 

mim: 

•F. 

•F 

•P 

SciiMmber..    ... 

e§ 

70 

77 

" 

™ 

33 

58 

70 

84 

M 

re 

88 

W 

•Thp  Dplta  of  tbe  NIIf.  In  wblch  the  bulk  o[  tl 
betwtvn  VniTo  and  Alexandria.     Mpteoroloelcal  nnca 
Itelta  ItBoK,   but  the  condftlonH  are  probablj'  Intprmp 

and  at  Cairo.     Of  the  two  localities  In  thp  Bouthwfs _      ._ 

are  givvn,  Pbtmili  rpiiri'Spnta  the  Salt  RIv.'r  Vallpv  and  Vuma  tin-  valley  ol  Uip 
River,      For  the  thlnf  Imimrtant  area  which  1b  helipved  to  Ijp  well  fldaptpd  to  the  cuuure 
of  EEypllan  vHrlellPB  of  cotton.  1.  p..  the  Imperial  Vallp;.  In  noutbeaatcm  CHlKomla.  the 
BvaliablF  rccorda  arp  not  KuSclent  to  serve  as  a  basis  fur  comiiariBon. 

Alexandria,  on  the  Mediterranean  coast  of  Egypt,  has  a  less  ex- 
treme climate  than  Cairo,  whicli  lies  at  the  apex  of  the  Delta  of  the 
Nile  and  almost  touches  the  desert.  The  variation  from  season  to 
season  in  mean  temperatures  and  in  the  means  of  the  maxima  and 
minima  is  much  smaller  at  Alexandria  than  at  Cairo.  Even  at  Cairo, 
however,  the  summers  are  decidedly  cooler  and  the  winters  are  some- 
what warmer  than  at  Phoenix  and  Yuma.  The  yearly  means  and 
means  of  the  maximum  and  minimum  temperatures  are  much  alike 
at  all  four  localities.  ,->  '        , 
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The  table  following  shows  the  mean  relative  humidity  of  Alexan- 
dria and  Cairo,  Egypt,  as  compared  with  points  in  Arizona: 


^:~::: 


Jul»-V- 


ft..      Enrpt-*      Arte.* 


Ptretnl.  iPereent.  Ptret 


The  above  table  is  inserted  because  the  humidity  of  the  atmosphere 
at  different  localities  is  usually  compared  on  the  basis  of  percentages 
of  possible  saturation  at  the  temperature  prevailing  when  the  obser- 
vations are  made;  but  there  is  reason  to  believe  that  the  factor  that 
vitally  affects  the  growth  of  plants  is  the  saturation  deficit,  i.  e.,  the 
difference  in  weight  between  the  amount  of  water  vapor  actually 
present  in  a  given  volume  of  the  atmosphere  and  that  required  to 
saturate  it  at  the  mean  temperature  for  the  period  under  considera- 
tion.   Hence  the  following  table  is  likewise  presented: 

Table  III.— J/eon  saluralion  dcflcHt  (treight  tn  grain*  of  the  aAditUtnal  water 
vapor  rvqutred  to  Maturate  a  cubic  foot  of  air)  at  localities  tn  Egypt  and  in 
the  louthKcHcrn  United  Platen. 
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Eeypt. 

flroJiu, 

Cairo 
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During  the  summer  months  the  saturation  deficit  is  considerably 
greater  at  Cairo  than  at  Alexandria,  while  in  autumn  and  winter  it  is 
greater  at  Alexandria  than  at  Cairo,  At  both  Egyptian  localities 
the  saturation  deficit  throughout  the  year  is  much  lower  than  at 
Phoenix  and  at  Yuma,  Ariz. 

A  curve  representing  the  variation  in  the  saturation  deficit  of 
the  air  from  month  to  month  throughout  the  year  would  be  much  the 
same  for  Alexandria  and  for  Cairo.  At  both  localities  there  is  a 
rather  gradual  increase  from  the  minimum  in  January  to  the  maxi- 
nmm  (which  occurs  in  August  and  September  at  Alexandria,  in 
June  at  Cairo),  followed  by  a  gradual  decrease  to  the  January  mini- 
mum. A  curve  representing  the  variations  fntui  month  to  month 
at  Phoenix  and  at  Yuma  would  be  on  the  whole  similar,  June  to 
September  being  the  months  of  maximum  saturation  deficit  at  these 
localities, 

A  characteristic  feature  of  the  early  fall  months  in  the  Nile  Delta 
are  the  heavy  fogs,  which  often  persist  until  9  or  10  o'clock  in  the 
morning.  This  is  a  feature  that  is  absent  from  the  climate  of  the 
southwestern  tJnited  States.  ^Vhen  accompanied  by  excessive  heat 
these  fogs  are  said  to  cause  premature  dropping  of  the  cotton  bolls. 


Egypt,  to  quote  a  familiar  saying,  is  "  the  gift  of  the  Nile."  This 
is  true  in  a  double  sense,  since  not  only  does  the  life  of  that  nearly 
rainless  country  depend  upon  the  water  supplied  by  the  river,  but  its 
agricultural  soils  are  all  of  alluvial  origin,  being  the  accumulated  sedi- 
ment of  countless  Nile  floods.  As  in  the  case  of  most  alluvial  soils, 
those  of  Egypt  vary  greatly  in  mechanical  composition,  according  to 
the  distance  from  existing  or  ancient  stream  channels  at  which  they 
were  laid  down.  Especially  in  the  Delta  region,  clay  loams  and  clays 
greatly  predominate  over  other  soils,  but  silt  loams,  loams,  and  sandy 
loams  also  occupy  extensive  areas,  and  near  the  edges  of  the  desert 
almost  pure  sands  occur.  The  clays  and  clay  loams  are  mostly  black 
in  color  and  doubtless  contain  considerable  organic  matter.  These 
soils,  when  dry.  are  apt  to  bake  on  the  surface,  thus  giving  up  much 
moisture  by  evaporation,  and  to  form  deep  cracks  through  which  a 
great  deal  of  water  is  lost  hv  percolation.  To  prevent  this  the  sur- 
face must  be  kept  well  mulched.  All  these  soils  are  u-sually  of  a  con- 
siderable depth,  which  is  said  to  average  40  to  fiO  feet." 

"In  his  ■' Phyaloimipliy  of  tbc  Ulver  Xlle  luid  Its  Basin"  (Cairo,  1S06.  p, 
^Kiii).  Caiit.  H.  n.  Lyons  eIvps  the  tbicknt>SB  of  the  Hodinieut,  an  detenniDed  by 
elKhteeii  borliiRS  Diado  In  vnrlnns  iinrts  of  the  l>eita  and  ^'alley  of  the  Nile,  aa 
far  Ronth  as  I^nxor.  The  average  thickness,  as  ehown  bf  tbese  borings.  Is  4Si 
feet. 
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The  heavier  soils  are  preferred  for  cotton  culture  in  Egypt,  as  they 
are  more  retentive  of  moisture  and  lose  their  plant-food  components 
less  readily  by  leaching  when  irrifrated.  The  silt  loams,  which  have 
these  properties  in  a  high  degree  and  are  at  the  same  time  much  less 
difficult  to  work  than  the  clay  loams  and  clays,  are  probably  the  most 
valuable  of  Egyptian  soils.  On  the  average,  cotton  is  grown  on 
much  heavier  land  than  in  the  United  States.  On  the  light  soils  in 
Egypt  both  yield  and  quality  of  RIht  are  said  to  be  inferior. 

In  point  of  soil  fertility  it  is  found  that  when  an  exhaustive  crop 
like  cotton  i.s  grown  for  any  length  of  time  the  supply  of  nitrogen 
soon  becomes  insufficient  and  ultimately  fertilizers  containing  phos- 
I>h()ric  acid  are  also  found  beneficial.  Potash  seems  to  be  almost 
always  present  in  adequate  amount. 

Under  the  ancient  irrigation  system  of  Egypt,  which  consisted  in 
turning  the  water  of  the  Xile  during  its  annual  flood  into  a  series  of 
extensive  basins,  no  diminution  in  soil  fertility  was  observed.  Under 
this  system  no  other  irrigation  was  ordinarily  given  and  only  one  crop 
was  grown  annually,  wheat  or  barley  being  alternated  with  beans  or 
clover.  The  nitrogen  furnished  by  the  leguminous  croj>.  together 
with  the  small  percentage  of  this  element  contained  in  the  heavy  do- 
posits  of  sediment"  left  in  the  basins  after  flooding,  amply  sufficed 
for  the  needs  of  the  cereal  crop.  Nowadays  the  conditions  are  very 
ditferent,  since  irrigations  are  given  at  frequent  intervals,  much  more 
leaching  takes  place,  less  sediment  is  deposited,  and  cotton  is  e.\ten- 
.«ively  grown.  Cotton  is  an  exhaustive  crop,  especially  under  Eg>'p- 
tian  conditions,  since  the  seed,  which  contains  almut  one-third  of  the 
nitrogen  taken  up  by  the  cotton  plant,  is  exported  to  Europe,  with 
the  e.xccption  of  the  small  percentage  that  is  required  for  planting. 

As  far  as  possible  leguminous  crops  are  grown  in  rotation,  but  even 
these  fail  to  supply  all  the  nitrogen  required  by  the  cotton  plant,  and 
the  remainder  must  Im-  obtaine<l  from  other  sources.  The  chief 
nitrogenous,  fertilizers  avaihdile  are  barnyard  manure  and  the  debris 
of  old  villages,  which  contains  nitrogen  efpiivalent  to  2  or  3  per  cent 
of  nitrate  of  soda.  The  supply  of  these  materials  is  much  snuiller 
than  the  demand,  however,  and  tlie  need  of  conmiercial  fertilizei-s  is 
l>ecoming  every  day  moiv  apparent. 

Alkali  rc.nwtance,  of  the  i-otton  plant. — In  various  parts  of  Eg^'pt, 
especially  in   the  northern  part  of  the  country,  near  the  Mediter- 

•Thp  Nile  wlieii  lilnlicKf  cnrHps  in  Bii»|)pnsioii  nt  I'liiro  iiboiit  KiO  jmrts  \it 
tiolM  matter  i>er  1(H),(K)0,  This  la  a  relatively  small  amount  In  comparison  with 
that  carried  by  the  ColoriiCo  Itiver  iit  Yuma  Ariz.,  wlilch  aveniBetl  700  iwrtH 
jier  IO0,O<M>  through  h  MM  w     consider,  however,  that  In 

Kgyi't  the  flood  wa  )od    n    h      a    nn  f  weeks,  (lei)Opltlng  nearly  nil 

tbe  material  It  h    d   n         >enH        n    can    n       tbat  the  total  amount  of  sedi- 
ment left  belilDd  waB  by     o  means    ns  gn  fl  an 

"8  DigitzedbyGOOgie 


16      EGYPTIAN  COTTON  IN  THE  SOUTHWESTERN  UNITED  STA.TE8. 

raiiean,  alkali  soils  occupy  extensive  areas.  Sodium  chlorid  (c< 
salt)  seems  generally  to  constitute  the  bulk  of  the  salts  present.  The 
reclamation  of  these  soils  by  washing  and  drainage  has  been  under- 
taken on  a  large  scale,  partly  by  the  government  and  partly  by  private 
capital.  Cotton,  which  is  usually  put  in  at  the  earliest  possible  mo- 
ment on  these  "  wa-shed  lands,"  has  been  shown  by  soil  tests  to  be  su- 
perior to  most  crop  plants  in  its  ability  to  withstand  alkali.  Nejir 
Alexandria  a  good  stand  of  cotton  was  found  by  Means  and  Kearney 
to  be  growing  where  the  first  'i  feet  of  the  soil  contained  0.6  per  cent 
of  readily  soluble  salts,  and  occasional  plants  were  able  to  withstand 
nearly  2  per  cent." 

The  presence  of  a  moderate  amount  of  salt  in  the  soil  is  generally 
considered  in  Egjpt  as  beneficial  to  cotton.  It  is  said  to  check  the 
tendency  to  excessive  growth,  to  hasten  ripening,  and  to  improve  the 
length,  strengtli,  and  color  of  the  fiber."  Even  when  considerably 
more  than  1  per  cent  is  present  the  strength  of  the  fiber  is  said  not 
to  suffer  greatly,  althou^  the  length  is  impaired. 

VARIETIES  GROWN. 

The  varieties  of  cotton  known  as  "  Egyptian  "  are  unquestionably 
of  American  origin.  They  belong  to  the  same  botanical  species  (Gos- 
sypium  barhademe)  as  the  Sea  Island  varieties  or  to  a  closely  related 
species.  Like  the  Sea  Island  varieties  they  have  yellow  flowers, 
small,  pointed,  three-locked  bolls  (PI.  IV),  and  smooth  black  seed.--. 
The  bolls  are  chiefly  borne  at  the  ends  of  long  branches  rather  than 
close  to  the  main  stem,  as  in  most  Upland  varieties.  Tlie  Egyptian 
varieties,  as  is  shown  in  Plates  II  and  III,  make  larger  plants  than  do 
most  American  Upland  varieties.  It  is  said  that  in  1818  Sea  Island 
cotton  was  introduced  into  Egypt  from  (leorgia  by  a  French  agri- 
culturist named  Jumel  and  that  from  this  source  the  present  Egyp- 
tian varieties  are,  descended,"^     Other  autliorities  consider  Egyptian 

•  See  T.  II.  Menus,  "  Reclamation  or  Alknll  I,,)id(1h  In  KRypt."  Bulletin  No.  21 
(•f  the  Burpnii  of  Soils,  U.  S.  Department  of  Aisrlculture.  Also  T.  H,  '  arnt^y 
and  T.  H.  .MeiiiiH,  "  CropR  I'sed  in  the  Itetrlnmatlon  of  Alknll  Lands  tn  Egypt," 
Yearbook,  U.  S.  De|)urtnieut  of  Agrltultiire  for  1902,  pp.  573  to  588  (espsctally 
pp.  580  amJ  087). 

'  Fertllizore  containing  phosphoric  acid  are  said  to  produce  tbe  same  efTci-is 
and  to  counteract  the  excessive  vegetative  growth  caused  by  too  liberal  appU- 
cBtiuQ  of  nitrogenous  munitres. 

'  lu  all  HlieliLood  they  liuvc  orliclnntod  liy  mutntlon  or  discontlDuous  rarin- 
tlon,  a  phenomenon  wbicli  would  lie  very  apt  to  ap|)eflr  in  such  norrow-bruil 
local  varieties  as  the  Sen  Island  when  transjiorted  tu  an  entirely  new  envlron- 
nient.  The  suddenness  with  which  recently  created  Ktiyiitlan  varieties  have  njv 
Iienred  and  the  obscurity  attending  their  origin  tend  further  probability  to  this 
view.  The  relative  fixity  of  their  characters  during  the  flret  few  years  in  whlili 
they  are  e.xtenslvely  grown  ar^-iiea  against  n  hybrid  origin,  hybrids  Wcwe^ii 
dlfTerent  apeciea  of  cotton  being  notoriously  difficult  to  "  fix."  ,  ,^, .  -, 
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cotton  more  nearly  related  to  Peruvian  cotton  {Goxsypiuvi  peru- 
riaiium),  which  was  hIho  formerly  grown  in  Egjpt. 

WTiile  closely  resembling  each  other  in  many  of  their  characters  and 
constituting  a  well-defined  type,  at  least  from  an  agricultural  and 
commercial  point  of  view,  several  well-marked  varieties  of  cotton  now 
exist  in  Egj'pt.  At  the  present  time  the  varieties  that  are  chiefly 
grown  are  Ashmuni,  Mit  Aiifi,  Jannovitch,  and  Abbasi. 

Ashmuni. — Ashmuni  is  the  oldest  of  the  four  varieties  and  was 
formerly  the  most  widely  grown,  although  now  largely  supplante<l 
by  more  valuable  kinds.  Its  fiber  is  relatively  short  (IJ  to  IJ  inches), 
and  possesses  neither  the  strength,  fineness,  nor  luster  of  the  Mit 
Afifl.  In  color  it  is  pale  brown.  It  ripens  earlier  than  the  other 
varieties  and  is  considered  to  be  the  one  that  is  be^^t  adapted  to  the 
hot,  dry  climate  of  .southern  Egypt,  where  alone  it  is  now  grown.  It 
gives  about  30  per  cent  of  lint  in  ginning.  Its  average  yield  per 
acre  is  low  compared  with  that  of  the  other  varieties,  and  its  fiber 
sells  for  about  one  dollar  less  per  hundred  pounds. 

Afit  Afifi." — In  acreage  and  the  total  value  of  its  product  the  Mit 
Afifi  far  exceeds  all  the  other  varieties.  At  least  70  per  cent  of  the 
total  Egj'ptian  acreage  in  cotton  is  of  this  variety.'' 

Mit  Afifi  is  the  standard  variety  of  the  country,  so  much  so  that 
when  Egyptian  cotton  is  referred  to,  this  variety  is  ordinarily  meant. 
It  is  considered  the  hardiest  variety  grown  in  the  country  and  the  one 
that  is  surest  to  give  a  good  yield  of  high-grade  fiber  under  a  great 
diversity  of  conditions.  Mit  Afifi  was  brought  into  cultivation  about 
thirty  years  ago,  and  is  said  to  have  originated  from  a  variety,  now 
little  grown,  known  as  Gallini,  which  was  itself  of  American  Sea 
Island  origin,  if  the  local  tradition  can  be  trusted,  Mit  Afifi  resem- 
bles the  Ashmuni  variety  in  so  many  ways,  however,  that  it  is  more 
likely  to  have  originated  directly  from  the  latter.  The  Mit  Afifi 
variety  has  very  strong  and  fine,  lustrous  fiber,  averaging  1|  to  IJ 
inches  in  length.  When  typical,  it  has  a  light  bi-own  color,  more  pro- 
noun-^^I  than  that  of  Ashmuni.  In  Egypt  it  turns  out  in  ginning 
from  33  to  35  per  cent  of  lint  and  its  yield  on  "  good  average  soil  "  is 
said  to  be  ordinarily  from  500  to  600  pounds  of  fiber  to  the  acre. 

Jannovitch. — This  is  the  most  recent  variety  that  is  extensively 
grown.  It  is  said  to  have  developed  about  thirteen  years  ago  as  a 
cross  between  Mit  Afifi  and  Gallini,  although  more  likely  a  mutation 
from  one  or  the  other.  It  is  considered  to  surpass  all  other  Egj-ptian 
varieties  in  the  strength  and  fineness  of  its  fiber,  as  well  as  in  length, 

"  ProiiouiH'eil  an  if  sik^UimI  Mit  Afeefy. 

»ID  ISKH!.  75.5  iwr  cent  of  tlie  total  vrn\>  whh  Mit  -\l1fi,  15  ikt  tent  Awlmiiiiii. 
9,5  per  ceut  Jauuovitcti,  aud  2.7  iier  cent  .^bbusi. 
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averaging  1^  to  If  inches.  Its  silkiness,  luster,  and  delicate  cream 
color  make  it  one  of  the  most  beautiful  cottons  in  existence.  Thp 
quality  of  the  fiber  from  the  different  pickings  is  said  to  be  more 
uniform  in  this  than  in  the  other  Egj'ptian  varieties.  In  yield  per 
acre  it  is  inferior  to  Mit  Afifi,  the  difference  amounting,  it  is  said,  to 
10  per  cent.  In  ginning,  its  percentage  of  lint  falls  below  that  of  Mit 
AUR,  averaging  30  to  31^.  Notwithstanding  this  fact,  Jannovitch 
generally  brings  from  $2  to  $2,50  more  than  Mit  Aiifi  per  315  pound^i 
of  seed  cotton  (the  unit  on  which  prices  are  bused  in  Egypt),  This 
variety  is  said  to  succeed  best  on  the  more  or  less  salty  land  near  the 
seacoast.  It  is  regarded  as  more  liable  than  Mit  Afifi  to  premature 
opening  of  tlie  bolls  and  loss  of  fil)er.  In  li)0-2,  however,  when  condi- 
tions in  Egjpt  were  generally  unfavorable  to  cotton,  Jannovitch  suf- 
fered less  than  did  Mit  Afifi." 

•  Ahbasi. — The  Abbasi  much  resembles  the  American  Sea  Island 
varieties.  It  has  a  fine,  silky  fiber,  pure  white  in  color,  and  somewhat 
longer  but  not  so  strong  as  that  of  Mit  Afifi.  The  percentage  of  lint 
is  about  the  same  as  in  Mit  Afifi.  In  the  Abbasi  variety  the  lint 
obtained  at  the  first  picking  is  said  to  be  of  much  better  quality  than 
that  from  later  pickings,  the  difference  in  this  respect  being  more 
marked  than  in  other  Egyptian  varieties.  First  picking  Abbasi  some- 
times sells  for  a  higher  pria;  than  any  other  Egyptian  cotton,  Abbasi 
is  reputed  to  be  more  drought  resistant  than  Mit  Afifi  and  under 
favorable  conditions  to  give  heavier  yields.  The  bolls  of  Abbasi  are 
exceptionally  long  and  sharp  pointed. 

Niibari. — Very  recently  a  variety  known  as  Xubari  has  originated 
in  the  Nile  Delta,  It  is  described  as  intermediate  between  Mif  Afifi 
and  Jannovitch,  having  stronger  and  more  lustrous  fiber  than  the 
former. 

QUALITY  AND  GRADES  OC  EOYPTIAX  COTTON, 

Many  grades  of  each  variety  are  distinguished  by  importers  of 
Egyptian  cotton.  The  cotton  is  graded  twice,  once  before  ginning 
and  again  at  Alexandria,  where  it  is  rebaled  for  export.  Such 
charaetei-s  as  strength,  fineness,  unifonnity,  color,  luster,  and  per- 
centage of  waste  are  nil  taken  into  account  in  fixing  the  grade  to 
which  a  particidar  sample  belongs.  The  length  appears  to  vary 
but  little  in  the  different  varieties.  The  amount  of  ''  trash  "  present 
is  a  very  important  factor  in  grading  this  class  of  cotton. 

Much  anxiety  has  recently  been  felt  in  Eg>'pt  on  account  of  the 
evident  deterioration  of  the  leading  varieties.  Mit  Afifi  especially 
is  showing  nnich  less  constancy  than  formerly  iji  the  brown  color  of 
its  fiber,  a  character  that  is  of  much  imiHirtance  in  this  variety. 
Spinners  also  complain  that  the  twist  of  the  fiber,  upon  which  its 
strength  largely  depends,  is  becoming  less  pronounced^    Eyen  re- 
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cently  created  varieties  like  Abbasi  and  Jannovitch  are  every  year 
less  true  to  type.  The  belief  in  Egypt  is  that  this  degeneration  is 
due  primarily  to  lack  of  care  in  the  choice  of  seed  for  planting. 
It  is  thought  Ihat  only  careful  selection  can  preserve  and  improve 
the  varieties  and  this  is  now  being  undertaken  both  by  the  govern- 
ment and  by  individual  growers.  Special  attention  is  being  given 
to  keeping  up  the  brown  color  and  other  characters  of  Mit  AfiB, 
which  is  justly  regarded  as  the  standard  Egyptian  cotton. 

ClI.-nrRAl.    METHODS. 

Owing  to  the  cheapness  of  labor  in  Egjpt,  fifteen  cents  a  day 
l)eing  the  ordinary  wages,  the  ciiitiiral  methods  in  use  there  could 
not  be  followed  in  the  United  .States  without  considerable  modifica- 
tion. Nevertheless,  a  brief  description  of  the  Eg^'ptian  system  will 
undoubtedly  afford  useful  suggestions  to  those  intending  to  grow 
cotton  under  irrigation  in  the  Southwest. 


A  two-year  rotation  is  most  frequently  practiced  in  Egypt  and 
is  generally  as  follows:  During  the  first  year,  clover  (berseem)  is 
grown  as  a  winter  crop,  followed  by  cotton  in  summer.  \\'hen  the 
cotton  is  removed,  a  winter  crop  of  either  l>eans  or  wheat  is  sown 
and  is  harvested  the  following  June.  The  land  is  then  either  left 
fallow  during  the  second  sunmier  or  corn  is  sown  in  July  as  a  "  flood 
crop,""  and  is  followed  by  berseem  sown  in  the  autumn.  In  the 
third  spring  cotton  is  again  planted.  Formerly  it  was  more  common 
to  use  a  three-year  rotation,  which  resembled  the  preceding,  except 
that  during  the  second  winter  either  beans  or  clover  were  grown  and 
during  the  third  winter  wheat  or  barley,  followed  by  a  second  crop 
of  com. 

When  cotton  follows  corn  or  a  fallow  the  land  can  be  put  into 
excellent  shape  for  planting,  being  generally  plowed  in  the  fall  as 
soon  as  the  corn  is  removed.  But  if  cotton  is  to  be  planted  imme- 
diately after  clover,  the  conditions  are  likely  to  be  less  satisfactory. 
Much  of  the  cotton  is  grown  by  small  farmers  who  are  unwilling  to 
plow  up  the  clover  upon  which  they  maiidy  depend  for  forage  for 
their  domestic  animals  until  just  before  the  time  arrives  for  planting 
cotton.     Consequently,  the  land  is  apt  to  be  full  of  undecomposed 

"Tills  lute  planlluK  allows  the  curii  croji  tn  he  alniiiilnntly  irrlKiitetl  throiiRh- 
out  ItB  growfli,  tlie  Nile  belug  at  floiHl  dnrliiK  tbe  late  aiimiiier  nnd  early  fall 
months.  During  tlie  t)ri<t  part  ot  the  miiunjer.  when  the  river  is  lowest,  it  ia 
often  necessary  to  deiote  ail  tlie  available  water  to  the  (.■otton  crop,  to  which,  if 
necessary,  everything  else  Is  sacrlQced. 
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i-oots  and  to  be  wet,  plowing  up  into  clods.  A  poor  stand  of  cotton 
and  much  replanting  are  the  results.  Except  on  the  least  fertile 
soils,  it  is  found  that  the  cotton  crop  is  injured  rather  than  benefited 
by  immediately  following  clover.  An  intervening  crop  of  grain  or 
li  period  of  fallow  h  necessary  to  secure  the  greatest  possible  benefit 
from  the  clover. 

The  importance  of  thorough  preparation  of  the  land  before  plant- 
ing cotton  is  fully  appreciated  in  Egypt.  Cotton  roots  descend  deep 
into  the  soil,  and  it  is  found  that  the  deeper  (he  plowing  has  been  the 
better  the  plants  withstand  drought  in  case  of  a  shortage  of  irriga- 
tion water.  On  large  estates  steam  plows  are  now  generally  used, 
and  the  soil  is  turned  over  in  the  fall  to  a  depth  of  12  inches.  But 
the  great  bulk  of  the  cotton  acreage  is  worked  with  the  primitive 
plow  of  the  country,  drawn  by  a  team  of  oxen,  which  loosens  the  soil 
to  a  depth  of  only  about  6  inches,  without  turning  it.  If,  as  is  now 
often  practic'ed,  a  second  plow  follows  the  first  in  the  same  furrow, 
the  soil  can  be  worked  to  a  considerably  greater  depth.  Four  plow- 
ings,  two  at  right  angles  to  the  others,  are  usually  given  in  preparing 
land  for  cotton.  After  plowing,  the  soil  is  frequently  harrowed  and 
then  rolled  to  break  np  clods.  Care  is  taken,  however,  not  to  pulver- 
ize the  heavier  soils  too  thoroughly,  as  in  that  case  they  tend  to  bake 
and  crack,  thus  losing  much  moisture, 

^\Tien  these  operations  are  completed  the  land  is  at  once  ridged. 
Kidging  is  usually  done  with  the  native  plow,  the  width  of  the'  furrow 
being  increased  by  stuffing  sacking  or  some  other  bulky  material  into 
the  angle  between  the  beam  and  the  share.  The  ridges  are  then 
shaped  into  beds  by  men  working  with  the  "  fass,"  or  short -handled 
hoe,  a  tool  that  is  indisi>ensabie  to  the  Eg3'ptian  agriculturist.  The 
beds  are  usually  made  about  30  feet  long,  this  being  the  average  dis- 
tance between  the  borders  that  intersect  the  beds  at  right  angles, 
dividing  the  field  into  "lands"  for  irrigation.  Cotton  is  irrigated 
by  the  fuiTow  method  in  Egypt,  and  this  is  usually  managed  so  that 
six  or  seven  furrows  can  be  irrigated  together. 

Farm  manure,  which  costs  about  20  cents  a  ton  in  most  parts  of 
Egypt,  when  used  at  all  is  put  on  at  the  rate  of  10  to  15  tons  to  the 
acre.  Old,  well-rotted  manure  is  jjreferred.  Most  frequently  the 
manure  is  api>lied  after  the  plants  ni\-  above  groiuid,  being  either 
hoed  into  the  furrows  or  st-attered  at  the  roots  of  each  plant,  a  labori- 
ous operation,  only  jwssible  in  a  country  where  labor  is  as  cheap  as 
it  is  in  Egypt.  Often,  however,  the  manure  is  put  on  before  planting. 
Sometimes  it  is  spread  l)efore  the  ridges  ari'  made,  but  more  fre- 
quently it  is  placed  in  the  furrows  and  subsequently  covered  up  by 
splitting  the  ridges,  Where  c'otton  immediately  follows  a  crop  of 
berseem,  manure  is  not  generally  used. 
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Planting  is  done  chiefly  in  March,  although,  especially  in  southern 
Egypt,  it  sometimes  begins  as  early  as  the  10th  of  February.  There 
is  a  general  conviction  in  Egypt  that  early  planting  gives  the  best 
i-esiilts,  the  stand  being  better  and  the  plants  producing  less  wood 
in  proportion  to  fiber.  It  is  believed  that  better  yields  and  a  better 
<)«iility  of  fiber  are  thus  obtained.  The  cold  winds  frequent  in 
March  are  said  to  cause  least  injury  to  early-sown  cotton.  As  far  as 
possible  replanting  sliould  be  avoided,  since  it  is  difficult  to  manage 
the  earlier  irrigations  without  injury  to  some  of  the  plants  if  these 
are  in  different  stages  of  growth. 

Cotton  is  planted  closer  than  in  the  southern  United  States,  not- 
withstanding the  fact  that  the  plants  of  Egyptian  varieties  make  a 
larger  growth  than  American  I'pland  varieties.  The  average  dis- 
tance between  the  rows  is  only  about  2J  feet  and  the  "  hills "  are 
usually  15  or  16  inches  apart  in  the  rows,  with  two  plants  in  each  hill. 
Hence  the  average  number  of  plants  to  the  acre  is  about  26,000.  Tlie 
general  opinion  in  Egypt  is  that  even  in  the  best  soils  the  distance  be- 
tween the  rows  can  not  be  made  more  than  3  feet  or  that  between  the 
"  hills  "  more  than  2  feet  without  diminishing  the  yield. 

Seed  is  planted  at  an  average  rate  of  IJ  bushels  per  acre.  It  is  put 
in  on  the  side  of  the  furrow,  about  two-thirds  of  the  distance  from  the 
bottom.  In  planting,  a  man  with  a  "  fass,"  or  short -handled  hoe, 
goes  up  and  down  the  rows,  making  holes  at  intervals  of  1"»  or  16 
inches.  He  is  followed  by  a  boy,  who  drops  into  each  hole  8  or  10 
seeds,  covering  them  to  a  depth  of  2  or  3  inches.  Usually  ten  or 
twelve  days  are  required  for  germination. 


A  watering  is  usually  given  immediately  after  planting,  although 
sometimes  the  field  receives  an  irrigation  just  before  planting  is 
begun.  In  the  latter  case  the  furrows  are  filled  about  two-thirds  full 
and  the  seed  is  put  in  along  the  high-water  mark.  ^Vhen  the  second 
or  "wet"  method  of  planting  is  followed,  it  is  easier  to  put  in  the 
seed  at  a  uniform  level,  but  on  the  other  hand  the  land  becomes  so 
dry  before  it  is  possible  to  determine  whether  replanting  will  be  neces- 
sary that  another  irrigation  must  first  be  given,  and  this  delays  re- 
planting a  week  or  ten  days  longer. 

The  second  irrigation  generally  takes  place  about  thirty-five  days 
after  planting.  It  is  found  that  the  Ix'st  results  are  obtained  if  this 
watering  is  postponed  as  long  as  can  be  done  without  injury  to  the 
plants.  This  causes  the  roots  to  strike  deep  into  the  soil  from  the 
outset,  stimulates  the  plant  to  branch  from  the  base,  and  prevents  the 
lower  part  of  the  stem  from  making  a  soft  and  weak  growth  which  is 
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later  unable  to  hold  up  the  weight  of  bolls.  This  watering  is  a 
light  one,  the  water  not  being  allowed  to  stand  high  enough  in  the 
furrows  to  reach  the  plantij.  From  twenty-five  to  thirty  days  elapse 
between  the  second  and  third  irrigations  and  about  twenty  days  be- 
tween the  third  and  the  fourtli.  The  fourth  usually  occurs  some 
time  between  May  20  and  the  1st  of  June.  Thereafter,  until  the  end 
of  August,  two  waterings  monthly  are  generally  given.  "When  the 
Nile  is  very  low,  however,  it  is  sometimes  neceasarj-  to  increase  the 
interval  between  irrigations  to  three  weeks  and  to  restrict  the  amount 
of  water  that  can  be  applied  each  time. 

Altogether,  ten  irrigations  are  commonly  given  between  the  date 
of  planting  and  that  of  the  first  picking,  care  being  taken  so  to  time 
the  last  watering  that  the  soil  will  become  dry  before  picking  should 
begin.  A  watering  is  given  as  soon  as  the  first  picking  is  completed, 
and  often  one  between  the  second  and  third  pickings.  It  is  estimated 
that  cotton  receives  at  eacli  watering  about  3J  acre-inches,  or  an 
average  total  of  3  to  3J  acre-feet  of  water  during  the  whole  season. 

The  tendency  in  Egypt,  as  in  other  countries  where  irrigation  is 
practiced,  is  to  apply  more  water  than  the  crop  really  needs.  Exces- 
sive irrigation  causes  too  nink  a  growth,  dropping  of  the  bolls,  and 
late  ripening,  besides  injuring  the  qualitj'  of  the  fiber.  It  is  well 
known  that  in  jears  when  the  water  supply  is  low  and  the  amount  of 
water  that  can  be  applied  is  re^itricted  by  the  irrigation  service,  the 
crop  is  frequently  larger  and  of  better  quality  than  when  a  freer  use 
of  water  is  permitted.  Thus,  in  1899,  when  the  Nile  was  unusually  low, 
it  wa-s  observed  that  in  many  localities  the  fiber  was  longer  and  finer 
than  that  produced  the  year  before,  when  water  for  irrigation  was 
more  plentiful.  There  is  a  minimum,  however,  below  whicli  it  is  not 
safe  to  go  in  irrigating  cotton.  In  localities  where  the  supply  of 
water  is  normally  small  it  was  quite  inadequate  in  1899.  As  a  result, 
the  plants  were  abnormally  small,  the  yields  were  low,  and  the  fiber 
was  short.  It  is  interesting  that  in  1899  the  product  was  most  in- 
ferior in  the  very  districts  which  in  ordinary  years  have  the  highest 
reputation  for  the  quality  of  their  cotton.  On  the  other  hand,  dis- 
tricts where  an  exces-sive  amount  of  water  is  generally  used  and  where 
the  quality  of  the  fiber  is  usually  inferior,  produced  the  best  cotton 
grown  in  Egypt  in  1899. 


Cultivating  is  performed  entirely  by  hand  in  Egypt,  even  on  the 
large  estates  where  modern  machinery  is  used  in  other  agricultural 
operations.  In  fact,  tlie  cotton  lows  are  too  close  together  to  allow 
the  use  of  a  horse  cultivator  for  any  considerable  length  of  time  after 
the  plants  are  above  ground.    The  work  of  cultivating  is  very  onerous, 
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owing  to  the  universal  use  of  a  short-handled  hoe,  which  requires  the 
laborer  to  assume  a  stooping  position. 

On  well-managed  farms  a  hoeing  is  given  as  soon  as  the  plants  are 
well  above  ground.  It  is  considered  desirable  to  thin  the  rows  before 
the  second  watering,  which,  as  we  have  seen,  is  given  about  thirty-five 
days  after  planting.  The  two  strongest  plants  are  then  left  in  each 
'■  hill."  At  the  same  time  some  farmers  give  the  beds  another  hoeing. 
^Vhen  the  soil  has  dried  sufficiently  after  the  first  watering  that 
follows  planting,  the  second  (or  third)  hoeing  is  given.  In  the  prac- 
tice of  many  farmers,  however,  this  is  the  first  hoeing  that  is  given. 
The  third  {or  fourth)  hoeing  follows  the  third  irrigation  (sixty  or 
sixty-five  days  after  planting),  and  the  fourth  (or  fifth)  hoeing 
takes  place  after  the  fourth  watering  (eighty  to  eighly-five  days  after 
planting) .  This  is  usually  the  last  hoeing,  the  growth  of  the  plants 
thereafter  making  tillage  impracticable.  From  that  time  until  the 
first  picking  begins  the  crop  requires  no  labor  except  that  involved  in 
irrigating.  More  frequently  only  three  or  four  hoeings  are  given, 
either  the  first  or  second,  as  above  described,  and  sometimes  both 
being  omitted  by  all  but  the  best  farmers. 

The  hoeings  are  so  managed  that  earth  is  each  time  brought  up 
around  the  plants  from  the  opposite  edge  of  the  furrows,  which  are 
thus  gradually  moved  in  one  direction  across  the  field.  Consequently 
the  plants,  wliich  at  the  outset  stood  on  the  slope  of  the  furrows  at 
the  edge  of  the  beds,  are  at  the  top  and  in  the  center  of  the  beds  by 
the  time  the  third  hoeing  is  completed. 


Cotton  picking  begins  in  southern  Egypt  before  the  end  of  August, 
but  in  the  Delta  region,  where  the  bulk  of  the  crop  is  grown,  the  first 
picking  generally  commences  about  September  10.  A  second  picking 
is  made  in  October  and  a  third  in  November.  Sometimes  a  fourth 
picking  is  made,  while  occasionally  the  whole  crop  is  harvested  in  two 
pickings.  It  is  considered  especially  important  with  Egyptian  cotton 
to  begin  picking  as  soon  as  enough  bolls  are  ripe  to  make  it  worth 
while,  since  long  exposure  to  the  sun  is  said  to  cause  the  brown  color 
to  fade.  As  a  nde  35  per  cent  of  the  total  crop  is  harvested  at  the 
first  picking,  45  per  cent  at  the  s(;cond,  and  20  per  cent  at  the  third, 
but  these  proportions  vary  considerably  from  year  to  year.  The  fiber 
from  each  picking  is  graded  and  marked  separately,  that  from  the 
first  picking  being  generally  the  best  and  that  from  the  third  picking 
the  poorest.  This  work  is  done  largely  by  children,  who  pick  on  an 
average  30  to  40  pounds  of  seed  cotton  a  day,  for  which  they  are  paid 
at  the  rate  of  18  to  20  cents  per  hundred  pounds.  The  seed  cotton  is 
packed  in  sacks  holding  about  400  pounds  and  is  then  ready  for  ship- 
ment to  the  ginnery. 
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The  product  is  generally  sold  where  it  is  grown,  as  seed  cotton,  and 
is  transported  by  the  buyer  to  one  of  the  ginneries  which  are  located 
in  various  parts  of  the  cotton-growing  region.  Most  of  thetse  estab- 
lishments operate  a  large  number  of  gins.  Some  of  them  hare  a  daily 
capacity  of  300  Egyptian  bales  (about  200,000  pounds  of  lint). 

As  in  the  case  o£  Sea  Island  cotton  in  the  United  States,  the  roller 
gin  alone  is  used,  since  the  saw  gin  employed  for  American  Upland 
cotton  injures  the  long-staple  Egyptian  vaiieties.  The  ginned  fiber  is 
shipped,  usually  in  rough  bales,  to  Alexandria.  There  it  passes 
through  compres.«es  and  is  turned  out  in  the  neat  bales,  bound  with 
eleven  hoops,  in  which  Egyptian  cotton  reaches  the  European  and 
American  markets.  These  bales,  although  smaller  than  the  average 
American  compressed  bale,  weigh  from  700  to  800  pounds-  They  are 
about  one  and  one-half  times  us  compact  as  the  American  bale,  the 
average  density  being  35.8  pounds  per  cubic  foot  in  the  Egyptian  and 
23.6  pounds  in  the  American  bale. 

YIEIJIS    AND    MARKETS." 

The  cotton  production  of  Egypt  is  large  in  proportion  to  the  area 
annually  devoted  to  this  crop,  which  during  the  four  years  from  1908 
to  1906  averaged  1,500,000  acres.  Practically  the  entire  crop,  both 
lint  and  seed,  is  shipped  to  Europe  and  America,  so  that  the  statistics 
of  exports  fairly  represent  the  total  production  of  the  country.  Dur- 
ing the  nine  years  from  1898  to  1906  the  total  exports  averaged 
011,872,^85  pounds  of  fiber.  Assuming  that  the  area  in  cotton  during 
these  years  averaged  1,500,000  acres,  the  yield  per  acre  for  the  whole 
country  during  this  period  was  about  408  pounds.*  When  carefuUj' 
chosen  seed  of  good  varieties  is  used  and  the  soil  and  cultural  condi- 
tions are  favorable,  yields  of  800  and,  in  exceptional  cases,  of  even 
1,100  pounds  of  fiber  are  obtained. 

Of  the  total  exports  of  cotton  from  Egypt  during  the  nine  years 
fi-oni  1898  to  l!)0(i  atwut  50  per  cent  went  to  the  United  Kingdom 
(Great  Britain  and  Iivland).  The  United  States  was  among  the 
heaviest  imjwrters,  ranking  third  in  1902  and  second  in  1903-  Rus- 
sia, Austria.  France,  and  Italy  also  imported  large  quantities.  Nearly 
all  of  the  principal  countries  in  Eun)pe  obtain  cotton  from  Egypt, 
and  even  India  and  Japan  receive  some  of  the  product. 

"The  Htatlstips  given  in  the  toUowhig  iwgps  were  furnLsHed  by  Mr.  G.  K, 
Holiiie«.  Clilef  of  thp  Ofllfc  of  Fon-lgii  Markets,  Hiirenu  of  Statlntlea.  U.  S. 
Uepiirtmeiit  of  A(!rlciilturt'- 

*  In  liMH  Mr.  {ieorKi'  1'-  Fonden  estlmiited  tlie  iiveniite  yield  i>er  iicre  at  about 
■no  iwunilB.  Sec  Unlletiii  No.  (!2  of  the  Hnreiui  of  I'lant  Industry,  1904,  p.  43. 
Mr.  A.  A.  Hiiserii-k  estimated  the  average  yield  per  acre  tu  bave  been  only  360 
pounds  In  1005. 
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The  importation  of  cotton  from  Egypt  into  the  United  States  has 
been  very  considerable  in  recent  years.  In  1902  the  high-water  mark 
of  81,325,158  pounds  was  reached,  but  this  figtire  was  very  nearly 
equaled  in  1907,  when  7S.783,013  pounds  were  imported. 

The  following  table  whow-s  the  amount  imported  during  each  of  the 
ten  years  from  1898  to  1907 : 

■  Uiiilril  Stalen  during 


inOO 53.554,5 


1901  - 


-  34,735,6 


1002 81,325,158 

1903 63,554,77.1 

11)04 ___  30,249,878 

100r> 52,436,673 

100(1 57,860,814 


11)07. 


78,7! 


In  addition,  there  has  been  during  the  same  period  an  average 
yearly  importation  into  the  United  States  of  cotton  from  the  United 
Kingdom  to  the  extent  of  8,.'')3fi^57  pounds.  The  greater  part  of  this 
is  undoubtedly  Egyptian  cotton. 

The  table  that  follows  gives  the  average  price  per  pound  of 
Egyptian  cotton  in  the  Alexandria,  Liverpool,  and  Boston  marliets 
during  each  of  the  ten  years  from  1898  to  1907.  The  Alexandria 
prices  are  those  of  cotton  that  was  exported  to  the  United  States. 
The  Liverpool  prices  are  those  of  "  good,  fair  Egyptian."  For  com- 
parison the  average  prices  of  American  Middling  Upland  on  the 
Liverpool  and  Bos-ton  markets  during  the  same  period  are  added. 

Table  V. — Average,  piices,  in  rente  per  pound,  of  Egyptian  and  American  Mid- 

'lling  I'planit  nittnm  on  the  Ali-xanilria.  lAri-riiool.  and  Bo»ton  markets,  fi-om 
1898  to  J!i07.  inclunivp. 


.   Boston.   LlTcniool.  : 
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The  table  shows  that  during  the  last  ten  years  there  has  been  an 
advance  in  the  price  of  Egyptian  cotton  corresponding  closely  to  the 
rise  in  price  of  American  Upland  cotton.  The  niling  price  for  the 
latter  evidently  largely  determines  that  at  which  Egyptian  cotton 
is  quoted.  The  difference  between  the  Alexandria  and  the  Boston 
prices,  averaging  1,2  cents  per  pound,  presumably  represents  the 
cost  of  transportation,  insurance,  and  other  fixed  charges  between 
these  ports. 

The  average  price  of  Egyptian  cotton  on  the  Boston  market  during 
the  past  ten  years  has  been  a  little  more  than  one  and  one-half  times 
that  of  American  Middling  Upland,  but  in  1907  Egyptian  cotton 
sold  on  the  average  for  nearly  twice  as  much  as  Upland.  It  must 
be  remembered  that  there  is  a  great  diversity  in  Egyptian  cotton, 
some  of  it  bringing  much  higher  prices  than  are  represented  by  the 
average  for  the  "good  fair"  grade.  It  is  a  conservative  estimate 
that  Egyptian  cotton  of  the  quality  which  experiments  have  demon- 
strated can  be  produced  in  the  southwestern  United  States  will  be 
worth  more  than  one  and  one-half  times  as  much  as  Middling  Upland 
cotton.  In  1903,  when  the  price  of  "  good  fair  "  Egyptian  averaged 
14^  cents  per  pound  at  Alexandria,  a  cotton  buyer  at  that  place  esti- 
mated the  Jannovitch  grown  the  year  before  at  Calexico,  Cal,,  as 
worth  21  to  22  cents, 

USES    OF    EGYPTIAN    COTTON    BT    AMEKICAN    MANTJTACTCBEBS," 

The  variety  of  Egyptian  cotton  that  is  most  used  by  American 
manufacturers  is  Mif  Afifi,  which  constitutes  at  least  three- fourths  of 
the  total  imports.  The  grade  most  largely  used  averages  If  inches 
in  length  and  furnishes  numbei-s  of  yarns  up  to  70's  and  80's.  Jan- 
novitch, and  to  a  small  extent  Abbasi,  averaging  IJ  to  If  inches  in 
length  of  fiber,  are  used  as  a  substitute  for  the  lower  grades  of  Sea 
Island  in  manufacturing  fine  yams  (lOO's  and  upward).  A  small 
quantity  of  the  inferior  Ashmuni  variety  is  also  imported. 

There  are  four  principal  reasons  for  the  extensive  u.se  of  Egyptian 
cottons  in  the  United  States:  (1)  They  are  best  adapted  to  mer- 
cerizing and  other  processes  that  give  a  high  finish  to  the  cloth  and 
caiLse  it  to  resemble  silk;  (2)  their  exceptional  clearness  (freedom 
from  nep)  and  luster,  as  well  as  their  capacity  for  taking  dyes,  fit 
them  for  mixing  with  silk  and  for  filling  sateen,  India  linens,  and 
similar  goods  having  a  brilliant  .surface;  (3)  the  brown  color  of  MJt 
Afifi  fiber  allows  it  to  be  used  without  dyeing  in  manufacturing  goods 
such  as  Balbriggan  underwear  *  and  lace  cuitains,  in  which  the  ecru 

'  Based  upou  information  obligingly  fiirulflbed  b;  some  tblrty  of  the  principal 
iniportere  uud  manufacturcrH  of  Kto'iitlnn  cotton  In  tlic  t'nlted  Stateti. 
'  Altbougb  less  lu  demand  for  tbls  [lurpose  tba&  formerly. 
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shade  is  desired;  (4)  they  can  be  used  for  the  manufacture  of  sew- 
ing thread  and  other  articles  which  need  to  be  very  strong  and  for 
which  no  other  type  of  cotton  but  Sea  Island  is  suitable.  Owing  to 
the  higher  price  of  the  latter,  Egyptian  cottons  can  in  many  cases 
be  advantageously  substituted. 

Among  the  various  classes  of  goods  wholly  or  partly  made  from 
Egyptian  cottons  may  be  enumerated  lawns,  sateens,  twills,  serges, 
and  fabrics  for  covering  umbrellas,  as  well  as  other  highly  finished 
cotton  cloths.  In  the^e  goods  they  are  used  largely  as  weft  or  filling, 
They  are  especially  suited  for  making  heavj'  fabrics  that  must  also 
bo  soft  and  fine.  Their  fineness  and  luster  adapt  them  to  mixing  with 
silk  in  cloths,  floss,  and  braids.  They  are  largely  used  in  the  manu- 
facture of  sewing  thread  and  of  fabrics  for  insulating  and  for 
bicycle  and  automobile  tires,"  The  lower  grades  of  Mit  Aiifi  are  much 
employed  for  hosiery  yarns. 

Except  in  cases  where  the  brown-colored  fiber  is  especially  desired 
there  seems  to  be  little  reason  for  preferring  Egyptian  to  Sea  Island 
cotton,  although  one  manufacturer  reports  that  within  the  range  of 
the  numbers  used,  the  former  furnishes  a  cleaner  and  better-looking 
filling  than  either  Sea  Island  or  Peeler  (long-staple  Upland)  cottons. 
The  highest  grades  of  Sea  Island  have  longer  and  finer  fiber  than  any 
other  cotton  and  therefore  make  stronger  and  finer  yarns  and  thread. 
For  these  grades  the  Egyptian  can  not  be  substituted,*  but  in  manu- 
facturing various  classes  of  goods  the  somewhat  lower  price  of  Egyp- 
tian cottons  allows  them  to  be  u.sed  to  advantage  in  place  of  the  lower 
grades  of  the  Sea  Island,  especially  when  the  supply  of  the  latter  is 
below  the  normal. 

On  the  other  hand,  manufacturers  seem  to  be  generally  agreed  that 
for  a  number  of  purposes  the  Egyptian  tyi)es  can  not  be  replaced  by 
American  long-staple  Upland  oi'  Peeler  cottons.  The  former  have 
fiber  that  is  stronger,  finer,  and  more  lustrous  or  "  classy  "  than  cor- 
responding lengths  of  the  long-staple  Uplands,  and  give  yarns, 
thread,  and  cloths  that  are  stronger  and  clearer  (i.  e.,  freer  from 
"  nep  ")  than  can  bo  made  from  the  latter."     There  seems  to  be  no 

"Wheu  iirices  iwrniit,  limvever.  Sea  Islarii]  Is  preferred  tor  the  lust  ])uriH>Hi'. 
eicept  for  tbe  manuracture  ot  goods  that  a^^^  uot  tit  be  I'sposed  to  very  hard 

*  One  Diniiurac'tnrer  of  threail  states :  "  We  do  not  know  of  any  Egyptian 
cotton  wblcb  can  muccessfutljr  com|)ete  with  Sen  Island  for  counts  lof  yamR] 
finer  than  No.  IIOV 

"  This  fmtloni  fniin  npp  c)r  knots  la  one  of  the  most  ileairnble  charactcrlsHos 
of  goods  inaimfactiired  from  Kgyptlaii  cotton.     It  Is  aoniewbat  questionable, 
however,  whether  It  1h  not  partly  dne  to  the  fact  that  In  Kgy|)t  roller  gins  iipe 
exclusively  used  hi  se|iaratlug  the  Itber. 
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question  of  the  superiority  of  the  Egyptian  over  the  long-staple  Up- 
land varieties  in  manufacturing  strong  sewing  thread  and  cloths  in 
which  a  smooth,  lustrous  finish  is  desired. 

Apart  from  specific  qualities  of  the  fiber,  American  manufacturers 
give  other  reasons  for  preferring  Egyptian  cotton.  They  state  that  it 
is  usually  more  carefully  ginned,  graded,  and  baled  and  is  apt  to  be 
freer  from  trash  and  short  fiber,  hence  giving  less  waste  in  carding 
and  combing  than  either  Sea  Island  or  long-staple  Upland  cottons. 
Egyptian  cotton  is  also  esteemed  for  its  evenness  of  staple,  the  dif- 
ferent grades  showing  little  variation  in  this  respect  from  year  to  year. 


EGYPTIAN    COTTON    CULTXTRE    IN    THE    TrHITED    STATES. 
ARKAS  AUAPTEU  TO  THIS  TYPE  OK  (X.1TTON. 

The  Egyptian  varieties  are  apparently  best  adapted   to  culture 
under  irrigation  in   regions  where  there  is  practically  no  rainfall 

during  the  growing 
season.  The  only 
part  of  the  United 
States  where  tliese 
conditions  exist  and 
where  at  the  same 
time  the  summers 
are  long  and  hot 
enough  for  profit- 
able cotton  culture 
is  the  extreme 
Southwest,  from 
western  Texas  to 
southern  California . 
Since  this  type  of  cotton  will  continue  to  produce  bolls  and  ripen 
fiber  until  a  hard  frost  occurb,  it  is  obvious  that  the  largest  yields  can 
bo  obtained  in  regions  where  the  autumn  temperatures  are  highest. 
We  must  therefore  conclude  that  the  greatest  success  with  Egyptian 
cotton  is  to  be  expected  in  southern  Arizona  and  southeastern  Cali- 
fornia— a  conclusion  that  is  supported  by  the  experience  so  far  gaine<l. 
The  valleys  of  the  Salt  River  and  of  the  Colorado  Kiver  {Yuma 
Valley)  in  Arizona  and  the  Imperial  Valley  in  California  have  been 
found  to  be  admirably  adapted  to  the  prodiiction  of  this  type  of  cot- 
ton. The  location  of  these  districts  is  indicated  on  the  map  (fig.  1), 
It  will  be  well  to  note  briefly  the  physical  characteristics  of  this 
region  before  proceeding  to  a  discussion  of  the  experiments  that  have 
been  carried  on  there  with  Egyptian  cotton. 
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Meteorolo^cHl  records  covering  periods  of  several  years  are  avail- 
able for  Phoenix  and  Yuma,  Ariz.  Data  as  to  temperatures  »nd  at- 
mospheric humidity  at  thew-  localities  have  alrendy  been  given  in 
connection  nitli  the  discussion  of  the  climate  of  the  cot  ton -growing 
district  in  Egj'pt.  These  two  stations  represient,  respectively,  the  Salt 
River  Valley  and  the  Yuma  Valley.  In  the  Imperial  Valley  observa- 
tions have  \)een  taken  only  during  the  past  three  3'ears  and  under 
conditions  that  make  a  direct  comparison  with  Phoenix  and  Yuma  of 
doubtful  value. 

Temperatures  (see  Table  I)  are  slightly  higher  at  Yuma  than  at 
Phoenix,  the  annual  mean  temperature,  mean  of  the  maximum,  and 
mean  of  the  minimum  temperatures  being  each  2  degrees  F.  higher  at 
the  former  locality.  At  Yuma  the  mean  of  the  annual  absolute  maxi- 
mum temperatures  is  113°  and  that  of  the  annual  absolute  minimum 
temperatures  is  29°  F.  It  should  be  noted,  however,  that  in  the  Yuma 
Valley  itself  the  minima  are  undoubtedly  lower  than  at  the  Yuma 
"Weather  Bureau  station  where  ob.ser\'ations  are  taken,  the  latter  be- 
ing situated  iit  a  somewhat  higher  elevation,  adjoining  Ihe  mesa  which 
borders  the  valley.  Severe  frosts  frequently  occur  in  the  valley  from 
the  middle  of  November  to  the  first  of  March. 

The  rainfall  at  both  Phoenix  and  Yuma  is  so  small  as  to  1m!  prac- 
tically negligible  from  the  point  of  view  of  cotton  culture.  At 
Phoenix  it  is  G.8  inches  yearly,  while  at  Yuma  the  average  is  only  2.7 
inches.  The  difference  is  most  pronounced  in  the  summer  and  early 
autumn,  when  there  is  considerable  precipitation  in  the  Salt  River 
Valley,  but  practically  none  in  the  valley  of  the  Colorado. 

As  regards  atmospheric  humidity  (see  Tables  II  and  III),  the 
air  normally  contains  considerably  more  moisture  at  Yuma  than  at 
Phoenix,  This  is  true  in  every  month  of  the  year  e.xcept  January, 
although  the  difference  is  most  pronounced  during  the  months  from 
May  to  September.  The  mean  annual  relative  humidity  ( iri  i)er- 
centages  of  saturation)  is  38  at  Phoenix  and  4R  at  Yuma.  The  mean 
annual  absolute  humidity  (in  weight  in  grains  of  the  water  vapor 
in  a  cubic  foot  of  air)  i.s  2.8  at  Phoenix  and  S.9  at  Yuma. 

In  the  Imperial  Valley  the  temperatures  m-e  probably  normally 
higher  than  at  either  Phoenix  or  Yuma.  This  is  indicated  by  the 
fact  that  in  1!)0(>  the  annual  mean  of  the  maximum  temperatures 
at  Heber  (8  miles  south  of  Imperial  imd  57  miles  due  west  of 
Yuma)  was  88"  F.,  while  at  Yuma  it  was  8.")'  and  at  Phoenix  83°  F. 
On  the  other  hand,  the  annual  mean  of  the  minimum  temperatures 
was  the  same  at  IIel)er  as  at  Phoenix  (511°  F.),  but  was  2  degrees 
lower  than  at  Yuma.    The  annual  mean  temperature  at  the  three 
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localities  in  1906  was  as  follows:  Heber  and  Yuma,  72°;  Phoenix, 
70°  F." 

The  rainfall  in  the  Imperial  Valley  is  probably  about  the  same  as 
at  Yuma.  At  Salton,  Cal.,  the  nearest  locality  at  which  measure- 
ments have  been  made  during  a  series  of  years,  the  average  total 
yearly  rainfall  is  2.5  inches. 

Data  are  lackinj;  for  a  satisfactory  comparison  of  the  atmospheric 
humidity  in  the  Imperial  Valley  with  that  in  the  Salt  River  and 
Yuma  valleys,  but  there  is  reason  to  believe  that  the  air  is  normally 
drier  in  the  Imperial  Valley  than  at  either  of  the  Arizona  localities. 

As  has  already  Ix-en  remarked,  the  climate  of  southern  Arizona 
and  southeastern  California  is  more  pxtreme  than  that  of  the  por- 
tion of  Egypt  where  cotton  culture  is  carried  on,  the  summers  being 
hotter  and  the  wintei-s  colder;  furthermore,  the  mean  humidity  of 
the  atmosphere  is  much  lower  in  the  southwestern  United  States 
than  in  the  Delta  of  the  Nile.  In  Egypt  the  "comparatively  moist 
condition  of  the  atmosphere  that  prevails  during  the  period  when 
cotton  is  ripening  is  considered  an  important  factor  in  the  production 
of  a  high  quality  of  fiber,  but  experience  in  the  southwestern  United 
States  has  demonstrated  that  the  Egyptian  varieties  of  cotton  can 
adapt  themselves  to  a  much  drier  atmosphere  than  that  prevailing 
in  the  Sile  Delta  without  injury  to'  the  quality  of  their  fiber. 

In  point  of  temiwrature  the  climate  of  southern  Arizona  and  south- 
eastern California  is  an  ideal  one  for  cotton  of  the  Egyptian  type, 
which  differs  from  Upland  varieties  in  requiring  a  much  longer  sea- 
son and  a  much  greater  sum  total  of  heat  in  order  to  produce  its 
niaxinmm  yield  of  fiber.  The  usual  absence  of  killing  frosts  after 
the  1st  of  March  makes  it  possible  to  plant  earlier  than  in  most  parts 
of  the  cotton  belt  of  the  United  States.  The  long,  very  hot  summer 
permits  the  formation  of  the  greatest  [wssible  number  of  bolls. 
Finally,  the  warm  weather  that  ordinarily  prevails  until  the  1st  of 
Deceniber  is  highly  favorable  to  ripening  and  allows  four  or  five 
pickings  to  be  made. 

Another  great  advantage  in  growing  this  type  of  cotton  in  the 
Southwest  is  the  very  small  precipitation.  Cotton  growing  under 
rainfall  has  certain  disadvantagi>s  that  are  avoided  when  the  crop  is 
produced  imder  irrigation  in  a  nearly  rainless  region.  In  the  main 
cotton  belt  of  the  United  States  prei)aration  for  planting  must  often 
be  delayed  until  the  ground  dries  out  sufficiently  to  be  worked.     Dry 

"In  ciimparlag  these  records  it  must  be  home  In  ralnd  that  at  Heber  the 
observiitlonH  werp  made  at  u  helghl  <if  only  ■'j  feet  from  the  surface  of  the 
ground,  while  ut  Yumii  they  were  made  at  a  height  of  !«  feet,  and  at  Phoenix 
of  47  feet. 
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i?pell8  may  occur  in  spring  when  the  plants  should  be  making  their 
most  vigorous  growth.  Prolonged  wet  spells  in  lat«  summer  and 
early  fall  may  retard  ripening,  interfere  with  picking,  and  injure-the 
ripe  fiber  by  beating  it  out  of  the  open  bolls  and  discoloring  it.  Under 
irrigation  in  regions  of  little  rainfall  these  drawbacks  are  avoided. 
The  soil  moisture  is  under  the  control  of  the  farmer.  By  giving  rela- 
tively large  amounts  of  water  during  the  early  stages  the  plants  are 
stimulated  to  make  a  vigorous  growth.  Later  in  the  season,  the 
production  of  bolls  and  the  ripening  of  the  fiber  can  be  hastened  by 
using  water  sparingly.  Furthermore,  the  ground  need  never  be  wet 
at  the  time  when  picking  should  commence,  and  there  is  no  dan- 
ger of  the  discoloration  of  the  fiber  through  a  period  of  rainy  weather 
at  the  time  of  rii>ening.  This  is  a  very  important  consideration  as 
regards  the  principal  Egjptian  varieties  of  cotton,  in  which  good 
color  is  a  valuable  characteristic. 

Apart  from  the  general  advantages  that  irrigation  affords  in  con- 
nection with  cotton  growing  there  is  some  Treason  to  believe  that  it  is 
characteristic  of  the  Egyptian  varieties  to  give  better  results  when 
grown  in  regions  of  small  rainfall  where  artificial  watering  is  neces- 
sary. An  expert  on  the  subject  in  Egypt "  told  one  of  the  writers  in 
1902  that  Egyptian  varieties,  when  tested  in  the  Sudan,  undei-went 
from  15  to  20  i>er  cent  of  deterioration  in  localities  where  the  rainfall 
was  sufficient  to  produce  a  crop,  but  deteriorated  only  2  to  3  per  cent 
where  irrigation  had  to  be  practiced.  In  the  former  case  the  staple 
was  shorter  and  the  seeds  tended  to  become  covered  with  short  fiber. 


The  soils  of  the  Salt  River,  Yuma,  and  Imperial  valleys  vary  in 
texture  from  a  sandy  loam  to  a  heavy  clay,  or  adobe.  In  the  Im- 
perial Valley  the  average  soil  is  heavier  than  in  the  Salt  River  and 
Yuma  valleys,  resembling  much  of  the  soil  of  the  Nile  Delta.  These 
soils  often  show  great  diversity  in  a  field  of  a  few  acres,  the  variation 

"  Mr.  Benachl,  of  the  firm  of  Chorenil,  Benaehl  &  Co. 

'For  a  fuller  account  of  the  boUb  of  tbe  Colorado  Klver  region,  tbe  reader  is 
referrpd  to  the  following  publication  a  of  tlie  Bureau  of  Soils,  1,'nite<l  States  De- 
partment of  Agriculture;  (1)  Soil  Survey  In  Salt  River  Valley,  .irlzoim,  by 
Thomas  H.  Means;  Field  Oiierationa  of  tbe  Division  of  Soils  in  I9U0,  pp.  287  to 
332,  lUOl.  {2)  Soil  Survey  around  Imperial,  Cal.,  by  Tbomas  H.  Means 
and  J.  tiamett  Holmee;  Field  Operations  of  the  Bureau  of  Soils  in  1901,  pp.  587 
to  606, 1902.  (3)  Soil  Survey  of  tbe  Vuma  Area,  Arizona,  by  J.  Uamett  Holmes; 
Field  Oiwrations  of  the  Bureau  of  Soils  in  1002,  pp.  777  to  7!)1,  1003.  Those 
publications  f;ivo  the  area  and  distribution  of  the  different  types  of  soils  In  tbe 
three  ralieya  and  also  the  area  and  distribution  of  tbe  different  grades  of  aibail 
soils. 
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being  especially  noticeable  when  the  land  is  first  brougiit  under  culti- 
vation. The  lighter  soils  arc  generally  regarded  as  the  best  for  culti- 
vated crops;  they  work  readily,  arc  easily  kept  in  a  tillable  condition, 
and  can  be  cultivated  soon  after  irrigation."  The  heavy  soils  are 
well  adapted  to  growing  alfalfa  and  cereals.  It  may  be  observed 
that  the  physical  condition  and  water-holding  capacity  of  most 
southwestern  soils  could  be  greatly  improved  by  the  addition  of 
organic  matter  in  the  form  of  barnyard  manure,  by  plowing  under 
green-manure  crops,  or  by  including  alfalfa  in  a  long-period  rota- 
tion. 

While  for  the  most  part  the  soils  of  the  Salt  River,  Yuma,  and 
Imperial  valleys  are  naturally  very  fertile,  it  is  probable  that  if 
cotton  becomes  an  important  crop  in  the  region  leguminous  crops 
will  have  to  be  grown  in  rotation  with  it  in  order  to  keep  up  the 
supply  of  nitrogen,  since  the  cotton  plant  draws  heavily  upon  this 
element. 

Alkali  is  found  in  more  or  less  injurious  quantities  in  various 
parts  of  these  three  valleys.  As  a  rule  the  alkali  accumulations 
are  found  principally  in  the  upper  3  or  •!  feet  of  soil  and  are  often 
largely  concentrated  in  the  surface  foot,  to  which  they  are  raised 
by  capillary  activity,  aided  by  the  great  evaporation  which  is 
characteristic  of  that  region.  The  alkali  is  chiefly  the  less  injurious 
"  white  alkali,"  consisting  mainly  of  sodium  chlorid  and  sodium 
sulphate.  "Black  alkali"  (sodium  carbonate),  which  gives  the  soil 
an  alkaline  reaction  in  the  true  chemical  sense,  is  seldom  present  in 
dangerous  quantities.  It  is  probable  that  only  a  small  percentage 
of  the  total  area  capable  of  irrigation  in  the  Salt  River,  Yuma,  and 
Imperial  valleys  contains  enough  of  these  salts  to  seriously  hinder 
the  growing  of  cotton,  which,  as  has  already  been  stated,  is  one  of 
the  most  alkali- resist  ant  crop  plants. 


In  the  Salt  River  Valley  the  area  at  |)resent  in  cultivation,  which 
was  estimated  in  1900  to  amount  to  120,000  acres,  is  supplied  with 
water  by  a  nimiber  of  canal  systejiis  that  have  been  established  by 
private  capital.  The  United  States  Reclamation  Service  has  recently 
undertaken  the  irrigation  of  this  valley,  and  is  now  constructing 
a  gj-eat  impounding  dam  on  the  Salt  River  above  Phoenix,  which  will 
increase  the  acreage  under  irrigation  and  insure  an  adequate  supply 
of  water  at  all  time.s.  The  Government  system  is  expected  to  provide 
water  for  irrigating  2(K),000  acres  of  land,  including  that  which  is 
now  in  cultivation. 

'Ill  ligyvU  Luwcver,  the  Ltinvier  moIIh  arc  |ireferr(>d  fur  ciittoD  culture. 
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In  Yuma  Valley  only  about  3,000  acres  are  now  under  irrigation 
throughout  the  year,  all  of  this  land  being  situated  within  a  few  miles 
of  the  town  of  Yuma.  The  water  used  in  irrigating  thiii  area  iij 
pumped  from  the  Colorado  River.  The  United  States  Reclamation 
Service  is  now  constructing  an  irrigation  system,  including  a  large 
diversion  dam  on  the  Colorado,  which  will  provide  gravity  water  for 
approximately  90,000  acres,  four-fifths  of  which  is  located  on  the 
Arizona  side  of  the  river. 

The  Imperial  Valley  comprises  approximately  500,000  acres  of  irri- 
gable land  in  the  United  States,  of  which  about  100,000  acres  were 
actually  under  irrigation  in  1905,  This  area  is  supplied  with  water 
from  the  Colorado  River,  the  irrigation  system  being  owned  by  a 
private  corporation. 

There  are  also  a  number  of  smaller  areas  along  the  Colorado  and 
Gila  rivers  that  are,  or  can  be,  irrigated  with  water  from  these  rivers. 

The  total  area  that  will  be  under  ditch  in  the  course  of  a  few  years 
in  the  Colorado  River  region  can  be  conservatively  estimated  at 
600,000  acres.  During  the  last  ten  years  the  United  States  has 
imported  an  average  amount  of  Egyptian  cotton  equivalent  to  about 
120,000  American  bales.  Since  the  performance  of  the  Mit 
Afifi  variety  at  Yuma  in  1907  gives  good  ground  for  anticipating 
yields  of  one  to  two  bales  to  the  acre  in  this  region,  it  may  be  reason- 
ably expected  that  one-fifth  of  this  estimated  total  acreage  will  be 
able  to  supply  the  normal  American  demand  for  cotton  of  the  Egyp- 
tian type. 

Other  districts  in  the  Southwest  where  cotton  can  be  grown  under 
irrigation,  but  where  the  spring  and  fall  temperatures  are  perhaps  too 
low  for  the  greatest  success  with  Egyptian  varieties,  are  the  Pecos 
Valley  in  western  Texas  and  eastern  New  Mexico  and  the  southern 
part  of  the  San  Joaquin  Valley  in  California. 

EXPERIMENTS  IN  THE  SOUTH  ATLANTIC  AND  GULF  STATES. 

Seed  of  the  principal  Egyptian  varieties  of  cotton  (Mit  Afifi,  Jan- 
novitch,  Abbasi,  and  Ashmuni)  has  been  several  times  imported  by 
the  Department  of  Agriculture  and  furnished  to  individual  growers 
in  various  parts  of  the  southern  and  southwestern  United  States.  In 
1900  and  1901  Mr.  L.  H.  Dewey,  in  charge  of  fiber  investigations,  re- 
ceived numerous  reports  of  trials  of  seed  distributed  by  the  Depart- 
ment of  Agriculture  which  indicated  that  in  the  humid  portion  of 
the  cotton  belt  little  success  could  be  anticipated  with  the  Egyptian 
varieties.  An  excellent  quality  of  fiber  was  produced  at  several  local- 
ities, but  the  yields  were  generally  small,  due  largely  to  the  shortness 
of  the  season,  which  prevented  many  of  the  bolls  from  ripening.  In 
many  cases  planting  was  delayed  by  wet  weather  in  the  spring,  and 
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killing  frosts  occurred  so  early  in  the  fall  as  to  cut  off  a.  large  part 
of  the  crop." 

Dr.  Herbert  J,  Webber  *  experimented  for  several  years  with  Egyp- 
tian varieties  in  the  humid  section  of  the  United  States,  especially 
in  South  Carolina  and  Texas.  His  results  also  indicate  that  these 
varieties  can  not  be  profitably  grown  anywhere  in  the  main  cotton 
belt,  at  least  not  without  adaptation  through  several  years  of  accli- 
matization and  selection. 

I'RELIMINARY    EXPERIMENTS   IN    THE   80DTHWE8T. 

Experiments  carried  on  in  Arizona  by  the  Territorial  Agricultural 
Experiment  Station  and  by  individual  farmers  previous  to  1902 
pointed  to  the  conclusion  that  heavy  yields  of  Egyptian  cotton  of 
high  quality  could  be  obtained  under  irrigation  in  the  warmer  part 
of  the  arid  region.  The  Abbasi,  Mit  Afifi,  and  Jannovitch  varieties 
were  grown  by  Prof.  A.  J.  McClatchie  on  the  station  farm  at  Phoenix 
and  were  productive  in  the  order  named,  Abbasi  yielding  at  the 
rate  of  460  pounds  of  lint  to  the  acre.  The  Lowell  Textile  School 
reported  that  the  Mit  Afifi  cotton  grown  at  Phoenix,  as  compared 
with  imported  Mit  Afifi,  gave  4  per  cent  less  waste  and  furnished 
thread  that  was  14  per  cent  stronger. 

In  1902  preliminary  experiments  were  made  by  Messrs.  Webber 
and  Kearney,  of  the  Bureau  of  Plant  Industry,  at  a  number  of  locali- 
ties in  the  Southwest  as  follows:  Mit  Afifi  variety  at  San  Antonio  and 
Barstow,  Tex.,  and  at  Carlsbad,  N.  Mex. ;  Jannovitch  variety  at 
Barstow,  Tex.,  Carlsbad,  N,  Mex.,  Yuma,  Ariz.,  and  Calexico,  Cal., 
and  Ashmuni  variety  at  Del  Rio,  Tex.  In  addition.  Doctor  Webber 
experimented  in  the  same  year  with  the  Mit  Afifi  variety  at  Harta- 
ville,  S.  C,  and  at  Houston  and  Brownsville,  Tex. ;  with  the  Janno- 
vitch variety  at  Deniaon,  Tex.,  and  with  the  Ashmuni  variety  at 
Danville,  Ga.,  and  Waco,  Tex. 


Fourteen  samples,  repi-esenting  each  Egyptian  variety  from  each 
locality  where  it  was  grown  in  1902,  were  submitted  to  seven  Amer- 
ican cotton  buyers.    The  Jannovitch,  grown  at  Calexico,  Cal.  (about 

"  In  Clrcijlnr  28  of  the  Division  of  Botany.  L'.  S.  Department  of  Agriculture, 
1800,  Mr.  Dewey  deBcrlt)e8  the  results  of  experiments  with  Egyptian  cotton  in 
the  United  States  up  to  that  time.  In  these  earlier  experiments  perhaps  the 
most  promising  results  were  obtained  by  Mr.  W.  U.  Wentworth  at  Floreevllle. 
near  San  Antonio.  Tes.,  Indicating  that  anecess  Is  to  be  looked  for  west  of  the 
main  cotton  belt. 

'  Doctor  Wi>))ber  has  described  bis  experiments  In  Proceedings  of  the  Seveatb 
Annual  Convention  of  the  Southern  Cotton  Spinners'  Aseoclatlon,  pp.  127-138, 
1903. 
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60  miles  west  of  Yuma),  was  highly  commended  by  all  of  these  ex- 
perts. Two  of  them  rated  it  highest  among  the  fourteen  samples, 
while  four  rated  it  as  equal  to  any.  Only  one  expert  gave  the  prefer- 
ence to  another  of  the  fourteen  samples. 

The  same  series  of  samples  was  sent  to  Mr,  William  Getty,  buyer 
of  cotton  at  Alexandria,  Egypt,  for  a  firm  at  Providence,  K.  I."  His 
report  showed  the  Jannovitch  fiber  produced  at  Calexico  to  be  the  best 
of  the  lot.  Mr.  Getty  said  of  it:  "Length  of  fiber,  quite  2  inches;" 
strength  very  good;  uniformity,  good;  very  fine;  rich  in  color;  spin- 
ning quality  very  high;  valuation  at  present  market  conditions 
[August  4,  1903],  21  to  22  cents  per  pound;  is  especially  adapted 
for  sewing  cotton  and  for  same  purpose  as  Sea  Island;  is  equal  to 
the  best  Jannovitch  in  all  respects  and  could  not  be  improved  upon." 

The  Ix)wen  Textile  School,  to  which  eleven  of  these  samples  were 
also  submittfed,  reported  through  Mr.  O.  L.  Humphrey,  head  in- 
structor in  the  cotton  yarn  department,  on  the  Jannovitch  grown 
at  Calexico  in  the  following  terms:  "  Staple  fully  IJ  inches.  Fiber 
very  strong,  fine,  and  even.  Very  small  amount  of  unripe  or  short 
fiber.  Cotton  clean  and  in  fine  condition.  Use  for  60's  carded,  70's 
imd  80's  combed."  '^  These  are  higher  numbers  of  yams  than  were 
furnished  by  any  of  the  other  samples  and  indicate  a  fiber  of  supe- 
rior fineness.  Mr.  Humphrey  adds,  "An  examination  of  the  various 
samples  would  indicate  that  of  the  three  varieties  Jannovitch  was 
decidedly  the  best." 

Manufacturing  tests  of  the  eleven  samples  were  made  with  great 
care  by  the  Lowell  Textile  School."*  The  cotton  was  "  picked  "  (i.  e., 
loosened  in  preparation  for  combing) ,  combed,  roved,  and  spun  into 
yarn  with  the  same  degree  of  care  and  following  the  same  methods 
used  by  manufacturers  who  handle  corresponding  grades  of  imported 
Egyptian  cotton.  Exact  determinations  were  made  of  the  amount 
of  waste  occurring  during  each  process  and  of  the  strength  of  the 
yarn  produced. 

The  waste  includes  moisture  lost  during  the  different  manufac- 
turing processes,  dust,  fragments  of  leaves,  of  bolls,  and  of  seeds,  and 

"  Mr.  Getty,  who  had  had  thirty  yftars'  experience  In  the  cotton  busineBs  In 
Egypt,  alBo  referred  the  Bawplea  to  several  exjterts  In  LiveriH>ol,  who  con- 
Hrmed  bis  opinion, 

'  This  was  a  higher  rutiog  as  to  leiistb  than  van  given  by  any  of  the  ADierl- 
can  experts,  who  placed  the  length  at  1}  or  li  Inches. 

'  LoDg-Btaple  cottons  are  usually  eonibed  as  a  pivlluiluary  to  spluulug,  while 
Hbort-staple  cottons  are  generally  curded. 

••The  Iflwell  Tpxtile  School  also  submitted  the  samples  to  Mr.  F.  R.  Kerri- 
gan, expert  of  a  manufacturing  cotniiany  at  Lowell,  Mass.,  who  examined  them 
Indepmdently  and  whose  report  corroborated  Mr.  Humphrey's  to  a  remarkable 
degree. 
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short  fiber.  It  is  stated  in  perc-entages  of  the  weights  of  the  original 
samples.  The  total  waste  from  the  sample  of  Jannovitch  grown  at 
Calexico  amounted  to  23  per  cent  and  from  the  sample  of  the  same 
variety  grown  at  Yuma  to  26  per  cent.  The  average  for  the  eleven 
samples  grown  in  the  United  States  was  26  per  cent,  while  a  sample 
of  imported  Mit  Afifi "  secured  from  a  New  England  mill,  which  uses 
large  quantities  of  this  cotton,  showed  27  per  cent  of  total  waste. 
The  noimal  waste  from  imported  cotton  of  this  variety  handled  in 
the  same  way  is  estimated  by  Mr.  Humphrey  at  about  24.2  per  cent 

The  manufacturing  tests  gave  the  following  results,  according  to 
Mr.  Humphrey's  report : 

The  runnlnR  ot  the  HampleB  in  the  roving  procpsaes  wae  excellent.  *  •  • 
The  roving  tiiiide  was  eseeptlonally  strong  and  even,  •  •  •  The  sampleB  of 
"Jannovttcfa"  [from  Oulexico,  ChI.  ;  Tuma,  AHz.,  and  Deulson,  Tex.)  ran  in 
tbe  spinning  aliuost  without  n  brealc  tiiid  showed  in  this  process  remarlmble 
Htrength.  In  order  to  coiuimre  tbe  strength  of  the  W)ir[i  .viirns  of  the  variona 
Bumpies.  40  akelns  of  120  yards  each  of  every  sample  were  reeled,  the  ends 
lied,  brolien,  and  weighed.  The  skein  breaking  was  done  ou  a  iiower-drlven 
yam  tester  giving  uniform  si>eed. 

Tiie  strength  is  stated  in  terms  of  tlie  average  weight  in  pounds 
that  was  required  to  break  each  skein  of  each  sample.  The  samples 
of  Jannovitch  grown  at  Calexico  and  at  Yuma  proved  to  be  decidedly 
the  strongest  of  the  eleven  samples,  (JG  pounds  having  been  (he  aver- 
age weight  required  to  break  the  former,  and  74  pounds  the  latter, 
while  the  general  average  for  the  eleven  American-grown  samples  was 
55.5  pounds.  P'or  the  sample  of  imported  Egj-ptian  the  average 
breaking  strength  was  45,5  pounds.  Taking  the  strength  of  Draper's 
Standard  Warp  as  100,  the  Jannovitch  cotton  grown  at  Calexico  had 
in  comparison  a  strength  value  of  140.5  and  that  grown  at  Yuma  of 
164.5,  while  the  imported  Mit  Afifi  had  a  strength  value  of  only  101, 
which  was  surpassed  by  nearly  all  the  American  samples.  This  dif- 
ference is  explained  by  Mr.  Humphrey  as  '*  largely  due  in  many  cases 
to  the  greater  length  of  staple,  although  the  strength  and  spinning 
qualities  of  the  staple  are  unquestionably  instrumental  in  producing 
this  result." 

The  samples  of  Jannovitch  grown  at  Calexico  and  Yuma  were  ad- 
versely criticised  by  Mr.  Humphrey  in  respect  to  only  one  character- 
istic, i.  e.,  the  presence  of  a  considerable  amount  of  •'  nep  "  in  the  fin- 
ished yams.  Mr.  Humphrey  says,  however,  that  t!iey  *'  ivill  compare 
fairly  well  in  this  res|)ect  with  the  bulk  of  the  Egjptian  yarn  of  tliis 
number  which  is  being  manufactured  at  the  present  time." 

'"Mr,  Humphrey  unji*  of  Ibis  sample,  "Thin  variety  (gmde  mill  length)  is, 
however,  conslilprwl  ii  fair  average  Eg)']illnn  <;iitton  and  one  tliat  Is  very  largely 
null  generally  used  In-  this  country." 
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Mr,  Humphrey  funeludes  his  report  an  follows: 

Am  e.tfiniluatiou  of  Hiene  Aiuerleiui-Krowii  EKJi'tlau  cottons  and  an  luuiiec- 
tlou  of  tbe  tabJe  of  results  as  bere  given  abonx  them  to  be,  as  a  rule,  long 
stapled,  unusually  stniiii;.  ualforui  mid  satlxfutrtory  In  color,  cleau,  and  pos- 
sessed of  good  spliiQlng  qualities.  The  per  cent  of  short  fibers  comparee  verj* 
favornbly  with  that  of  the  Imported  iirtlcle,  but  the  amount  of  unri|(e  fiber  In 
some  of  the  samiiles  i»  exceKBlve.  This  may  i>erbapB  be  due  to  the  fact  that 
the  cotton  was  raised  In  limited  amounts,  and  In  order  to  secure  the  greatest 
possible  quantity  of  each,  the  ptcklnR  was  more  thorongb  and  Included  a  lai^er 
per  cent  of  tbe  contents  ot  the  unrii>e  or  partially  ripe  bolls  tban  would  bave, 
under  ordinary  conditions,  been  gathered,  li'rom  the  results  ot  these  tests  we 
can  naturally  Infer  that  there  Is  a  fiatterlng  future  for  American-grown  Egn>- 
tlan  cotton,  iirovlded  the  standards  can  be  maintained.  TbIs  stock  admits  of 
the  production  of  much  finer  numbers  and  better  qualities  of  yarn  tban  could 
be  made  from  T'pland,  Texas,  or  Oulf  cotton,  and  Is  Inferior  only  to  Sen  Island 
cotton. 

REBTTLTS  OF  ACCUMATIZATION  ANR  flEIJiCTION  IN  TKR  SOUTHWEST. 

In  1902  numerous  selections  were  made  in  the  test  plats  of  the 
Mit  Afifi  and  Jannovitch  varieties  at  Barstow,  Tex.;  Carlsbad,  N. 
Mex. ;  Yuma,  Ariz.,  and  Calexico,  Cal.  Xhese  selections  were  planted 
in  1903  at  the  same  four  localities  on  the  "  plant  to  the  row  "  system. 
In  addition  a  test  plat  of  the  Abbasi  variety  was  grown  at  Carlsbad. 
In  1904  the  selections  of  Mit  Afifi  and  Jannovitch  made  in  1903  were 
planted  only  at  Carlsbad  and  Yuma.  In  li)05  the  selections  made  in 
1904  were  planted  at  the  same  two  localities,  but  those  at  Yuma  were 
lost  soon  after  planting,  ag  n  result  of  the  unprecedentedly  high 
spring  flood  of  the  Colorado  River.  A  large  niimlwr  of  selections 
were  made  at  Carlsbad,  however,  and  with  these  the  work  has  since 
been  continued  at  Yuma." 

The  Abba-si  variety  was  soon  discarded  because  it  too  nearly 
resembles  Sea  Island  cotton,  with  which  it  would  undoubtedly  com- 
pete in  American  markets.  It  was  desired  from  the  outset  to  pwnre 
a  type  of  cotton  for  culture  in  the  Southwest  that  would  be  distinctive 
of  that  region  as  compared  with  other  cotton-growing  .sections  in  the 
Unitexl  States.  The  best  means  of  attaining  this  end  appeared  to  l»e 
by  acclimatizing  the  very  distinct  Mit  Afifi  and  Jannovitch  varieties, 
especially  the  former. 

Numerous  selections  of  Mit  Afifi  have  been  carried  through  five 
generations  and  have  fully  retained  the  distinguishing  characters  of 
the  variety.  Through  a  series  of  accidents  the  original  selections  from 
imported  seed  of  the  Jannovitch  variety  were  lost,  but  certain  selec- 
tions from  the  more  or  less  mixed  seed  of  the  Mit  Afifi  variety  with 
which  the  experiments  were  begun  have  .so  nearly  approximated  the 

'  In  ItMM  and  llMKi  the  selections  were  made  by  Mr.  I<.  !<.  Ilarter. 
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characters  of  Jannovitch  that  there  seems  to  be  no  good  reason  for 
making  new  selections  from  imported  seed  of  the  latter. 

Throughout  the  course  of  the  experiments  the  plants  have  been 
grown'under  irrigntioii  on  the  best  land  and  with  the  best  care  as  to 
irrigation,  cultivation,  etc.,  that  circumstances  admitted.  It  was  not 
until  last  year,  however,  when  the  work  was  (carried  on  in  association 
with  the  Office  of  AVestern  Agricultural  Extension  Investigations  of 
this  Bureau,  that  it  became  pos.sible  to  raise  the  cotton  under  favor- 
able conditions  as  regards  cultivation  and  irrigation.  Previous  to 
1907  these  selections  were  exposed  to  so  many  vicissitudes — drou^t, 
alkali  soils,  inadequate  cultivation,  etc. — that  there  is  good  reason  to 
believe  that  they  are  exceptionally  hardy  and  well  adapted  to  growing 
under  conditions  below  the  optimum  for  cotton  culture  in  the  reg;ion. 


During  the  earlier  years  of  the  experiments  it  was  extremely  prob- 
lematical whether  Egyptian  cotton  would  adapt  itself  to  conditions 
■  in  the  Southwest.  The  plants  made  a  very  vigorous  growth,  but  pro- 
duced relati%'ely  few  bolls,  as  is  shown  in  Plate  II,  figure  1.  These 
bolls  matured  so  late  in  the  season  that  many  of  them  were  cut  off  by 
frost  before  they  opened.  The  opening  of  such  bolls  as  ripened  was 
generally  very  unsatisfactory,  the  valves  of  the  locks  remaining  half 
erect  instead  of  spreading  horizontally,  so  that  in  picking  the  fiber 
had  to  be  pulled  out  between  the  points. 

Each  year,  however,  a  marked  improvement  in  yield,  earliness,  and 
the  degree  of  opening  of  the  boils  manifested  itself.  In  1906, 
whether  through  acclimatization  or  selection  or  a  combination  of  the 
two  agencies,  such  a  great  improvement  had  been  attained  that  there 
.seemed  little  occasion  for  further  anxiety  on  these  scores.  The 
Egyptian  plants  were  still,  it  is  true,  much  larger  and  ripened  their 
fiber  later  than  those  of  most  Upland  varieties  grown  under  similar 
conditions,  and  their  bolls  remained  small  and  pointed  {Plate  IV). 
All  these,  however,  are  characters  inherent  in  the  species  of  cotton. 
{Gossypium  harhadense)  to  which  the  Egyptian  and  Sea  Island  va- 
rieties belong,  as  distinguished  from  that  which  includes  the  Ameri- 
can Upland  varieties  {Gossypiuw,  kirsutum) .  No  amount  of 
selection  can  be  expected  to  entirely  remove  them.  But,  as  compared 
with  the  performance  of  the  plants  in  previous  seasons,  there  had  been 
a  marked  reduction  in  height  and  in  the  development  of  sterile 
branches  (Plate  III).  The  relative  number  of  bolls  produced  was 
much  larger  and  the  fiber  ripened  much  earlier  than  in  any  previous 
year.  Furthermore,  the  bolls  opened  out  flat,  so  that  the  cotton  hung 
as  loose  as  from  bolls  of  Upland  varieties. 
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In  1907  these  characteristics  had  become  practically  uniform  over 
the  entire  field  (Plate  I,  frontispiece),  not  only  in  the  selection  roTvs 
but  in  the  one-fourth-acre  plats  that  were  planted  with  seed  from 
second-select  plants  of  1906  for  yield  tests  and  for  experiments  with 
different  irrigation  and  cultivation  methodn.  Before  the  middle  of 
September  the  cotton  was  ready  for  the  first  picking.  It  was  there- 
fore at  least  a  month  earlier  than  was  the  case  during  the  first  three 
years  of  the  experiments.  The  satisfactory  opening  of  the  bolls  is 
shown  in  Plate  IV,  while  Plate  II,  figure  2,  illustrates  the  manner  in 
which  the  ripe  cotton  hung  loosely  in  the  open  bolls.  Careful 
records  of  the  time  consumed  in  picking  at  Yuma  in  1907  showed 
that  it  required  only  about  one  and  one-half  times  as  long  to  pick  100 
pounds  of  seed  cotton  of  the  Mit  Afifi  Egyptian  as  of  large-bolled 
Upland  varieties,  such  as  Triumph  and  Rogers  Big  Boll. 


Yield  tests  of  two  Egyptian  and  five  American  Upland  varieties  of 
cotton  were  made  at  Yuma  in  1907  on  plats  ranging  in  size  from  one- 
tenth  to  one-sixth  acre.  The  results  in  pounds  of  seed  cotton,  calcu- 
lated on  the  basis  of  1  acre,  are  given  in  the  following  table: 
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Notwithstanding  the  fact  that  in  two  of  the  Upland  varieties  the 
percentage  of  lint  is  considerably  higher  than  in  Egyptian  varieties, 
only  one  of  them  surpassed  the  Mit  Afifi  in  productiveness,  and  that 
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to  but  an  inconsiderable  extent.  The  lower  yield  of  the  Januovitch 
Egyptian  as  compared  with  the  Mit  Afifi  is  doubtless  partly  due  to 
the  fact  that  the  Jannovitch  plat  in  1907  was  planted  with  seed  from 
plants  grown  in  1906  from  an  imported  stock,  while  the  stock  of  Mit 
Afifi  had  had  the  advantage  of  five  years'  acclimatization  in  the 
Southwest. 

QOAUTY   OF  THE   FIBEB. 

During  the  earlier  years  of  the  experiment  it  seemed  so  essential 
to  concentrate  every  effort  upon  combating  sterility,  late  ripening, 
and  imperfect  opening  of  the  boils  that  in  making  the  selections  only 
secondary  weight  could  be  placed  upon  the  quality  of  the  fiber. 

The  Jannovitch  variety,  nevertheless,  produced  an  excellent  grade 
of  fiber  from  the  start.  This  was  probably  due  to  the  recent  origin 
of  this  variety,  which  had  not  had  time  to  deteriorate  seriously  since 
it  left  the  hands  of  the  breeder.  As  has  been  stated,  the  fiber  produced 
by  this  variety  grown  from  imported  seed  at  Calexico,  Cai.,  and 
Yuma,  Ariz.,  in  1902  was  given  a  high  rating  by  the  Lowell  Textile 
School  and  by  expert  cotton  buyers  in  the  United  States  and  in  Egypt. 
The  Jannovitch  variety  was  again  grown  from  imported  seed  at  Yuma 
in  1906,  and  the  seed  thus  obtained  was  used  in  planting  the  yield-test 
plat  of  this  variety  in  1907.  In  this  case  also  the  American-grown 
product  compared  far  more  favorably  with  the  average  of  the  variety 
in  Egypt  than  did  the  Mit  Afifi  variety  during  the  first  two  or  three 
years  after  it  was  introduced. 

The  fiber  produced  by  the  Mit  Afifi  variety  during  the  earlier  years 
of  the  experiments  in  the  Southwest  was  of  decidedly  inferior  qual- 
ity. As  compared  with  the  be.st  grades  produced  in  Egypt,  the  lint 
was  relatively  short,  in  hardly  any  case  reaching  a  full  If  inclies.  It 
was  coarse  and  woolly  and  of  a  dead  appearance,  lacking  the  fine 
luster  that  is  one  of  the  most  attractive  qualities  of  high-grade 
Egyptian  cotton.  Very  few  plants  showed  even  an  approximation 
to  the  great  strength  that  is  one  of  the  leading  and  most  valuable 
characteristics  of  this  type  of  cotton.  In  color  also  it  left  much  to 
be  desired,  the  brown  tint  being  either  nearly  wanting  or  so  irregu- 
larly distributed  ns  to  give  the  cotton  a  blotched  appearance,  as 
though  artificially  discolored.' 

In  1905,  the  tendencies  to  sterility,  late  ripening,  and  imperfect 
opening  of  the  bolls  in  the  Mit  Afifi  variety  having  largely  disap- 

"  From  the  fact  that  the  results  obtninml  diitlni;  the  flret  ypar  or  two  of  the 
ezperiments  were  much  more  aatlHTactory  with  the  Jannovitch  than  with  the 
Mit  Aflfl  variety.  It  might  be  inferred  tlmt  when  first  Iniixirted  the  foniier  Is  t»et- 
ter  adapted  than  the  latter  to  southwestern  coudlttoiie.  More  likely,  however,  the 
Mit  AHfl  need  oriKinally  Imported  whb  of  iofei'lor  quality.  As  heretofore  stntnl. 
this  variety  is  deteriorating  In  Egjiit  and  betominB  nilxe^l  with  Inferior  sorts 
except  where  It  Is  kejrt  up  by  careful  selection. 
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])eared,  it  became  possible  tu  focus  attention  upon  the  characters  of  the 
fiber.  As  a  result,  in  1906  the  fiber  showed  a  marked  improvement 
in  all  of  its  characters,  and  this  was  true  to  a  still  greater  extent  in 
1907.  In  the  latter  year  selection  v&s  made  so  rigorous  that  the  best 
individual  plant  of  1903  would  have  failed  to  pass  muster.  In  the  1 
acre  of  breeding  rows  planted  with  seed  from  the  first -select  plants  of 
1906,  the  length  averaged  practically  IJ  inches.  The  thirty-eight  first 
selections  of  individual  plants  made  in  1907  had  fiber  of  an  average 
length  of  1^^  inches,  as  compared  with  an  average  of  1^  inches  for  the 
thirty-one  first  selections  made  in  1906,  In  other  words,  a  gain  of  4 
per  cent  in  length  had  been  made  in  one  generation.  This  is  probably 
the  maximum  length  to  which  the  Mit  Afifi  type  of  Egyptian  cotton 
should  be  bred  to  meet  the  demands  of  the  existing  market. 

In  all  other  characters — covering  of  the  seed,  uniformity  of  length 
on  the  same  seed  and  in  different  bolls  on  the  same  plant,  strength, 
color,  fineness,  and  luster — the  advance  was  so  striking  that  it  was  in 
some  cases  difficult  to  realize  that  the  plant  of  1907  was  only  in  the  fifth 
generation  of  descent  from  its  progenitor  of  1902  (PI.  V).'  No 
one  characteristic  showed  more  gratifying  progress  than  that  of 
strength.  While  in  1903  the  plant  producing  fiber  that  could  not  be 
broken  easily  between  the  fingers  was  a  rare  exception,  in  1907  it  was 
the  general  rule.  Fiber  of  great  fineness,  soft  and  silky  to  the  touch, 
was  also  the  rule.  Brown  color  characterized  the  fiber  on  the  great 
majority  of  the  plants,  and  was  almost  as  general  and  pronounced  as 
in  any  field  seen  in  Egypt  by  one  of  the  writers.  In  plants  which  pre- 
served the  Mil  Afifi  type  the  brown  tint  was  conspicuous,  especially 
when  a  mass  of  the  fiber  was  examined,  although  much  lighter  than  in 
the  red-brown  Peruvian  and  Nanking  cottons.  In  plants  that  showed 
an  approximation  to  the  Jannovitch  type,  the  fiber  was  of  a  delicate 
cream  color,  appearing  almost  white  when  compared  with  Mit  Afifi, 
but  showing  clearly  the  brown  tint  when  matched  with  American 
Upland  fiber.  The  Jannovitch  type  was  furthermore  remarkable  for 
■  the  silky  luster  of  the  fiber. 

Strength  (es^,— -Careful  tests  of  the  strength  of  several  samples 
of  Egyptian  cotton  grown  at  Yuma  in  1907  were  made  by  the  Office 
of  Fiber  Investigations  of  the  Bureau  of  Plant  Industry.  The  tests 
were  made  on  a  special  fiber-testing  machine.  The  samples  sub- 
mitted were  as  follows:  No.  1,  Mit  Afifi,  from  a  plat  which  received 
eight  irrigations  after  planting;  No.  2,  Mit  Afifi,  from  a  plat  which 
received'  only  one  irrigation  after  planting;  No.  3,  Mit  Afifi,  from 
a  plat  which  received  three  irrigations  after  planting;  No.  4,  the 
average  of  the  first  picking  from  seven  individual  selected  plants  of 

■  During  encb  year  of  the  e:(perlDieiitB  conibcd-out  seeds  ot  every  selection 
Lave  bron  premrvtHl  as  a  record  of  the  progress  uade  lii  breedlnic. 
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Mit  Afifi  in  the  breeding  rows  which  had  received  four  irrigations 
after  planting;  No.  5,  the  average  of  the  later  pickings  from  the 
same  seven  selections.  Jannovit«h  from  the  yield-test  plat,  which 
was  irrigated  twice  after  planting,  was  also  tested.  The  Mit  Afifi 
had  in  every  case  been  grown  five  years  in  the  Southwest,  while 
the  Jannovitch  was  from  that  grown  at  Yuma  in  1906  from  newly 
imported  seed. 

In  order  to  permit  a  comparison  of  the  strength  of  the  Arizona- 
grown  Egyptian  samples  described  above  with  that  of  cotton  of  other 
varieties  and  from  other  sources,  the  Office  of  Fiber  Investigations 
also  furnished  the  results  of  a  series  of  teats  made  by  Mr.  Frederick 
J.  Tyler  upon  different  Upland  and  Sea  Island  varieties,  as  well  as 
npoii  three  varieties  of  Egyptian  cotton.  All  of  these  were  grown  by 
Mr.  Tyler  without  irrigation  at  Waco  and  Terrell,  Tex.,  with  the  ex- 
ception of  the  two  samples  of  Southern  Hope  (long-staple  Upland). 
The  latter  were  produced  under  irrigation  at  Yuma,  Ariz.,  in  1907. 

The  results  as  stated  in  the  following  table  represent  the  average  of 
the  weights  in  grams  required  to  break  each  of  twenty  individual 
fibers  from  each  sample: 


Tn«ol  cotton. 

Varletr. 

Where  groirn. 

Number  of 

Breskiar 
elrenrth. 

Enpum -- 

!llS!l:g2:k-:::~:::::: 

ArfaoDB 

Arteons. 

Arteonn. 

ArEioQi 

Arteona. 

Nona. 

ii 

IS- 
IS- 

ii- 

Nonl; 

eramt. 

"Ki!lS:SS:L":::rT":: 

i^^l^ 

a^aSiit 

KJJ|:::::::: 

TeiBB 

Uplanil  Bhorl-ntai.l* ... 

Soathern  Hope,  No.  2. 

gSlrCp™;-edV:;:.v:~;;-:. 

Tmcm 

?li!S:::::::: 

Klng  ...  .  _ 

III" 

In  regard  to  the  Egyptian  cottons  grown  under  irrigation  at 
Yuma  it  is  interesting  to  note  the  relative  weakness  of  the  fiber  in 
Mit  Afifi  sample  No.  1,  from  a  plat  that  was  excessively  irrigated, 
as  compared  with  samples  2  and  3,  from  plats  that  received  only  one 
and  three  irrigations,  respectively,  after  planting.     The  selections 
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(samples  i  and  5)  were  irrigated  four  times  after  the  seed  was  put 
in.  In  the  case  of  the  selections  an  unexpected  result  is  the  greater 
strength  shown  by  the  later  pickings  (sample  5)  as  compared  with 
the  first  pickings  (sample  i)  from  the  same  individual  plants.  In 
Egypt,  on  the  other  hand,  the  liber  from  the  first  pickings  is  reputed 
to  be  generally  stronger  than  that  which  is  picked  later  in  the  season. 

It  will  be  observed  that  the  long-staple  Upland  or  Peeler  vari- 
eties are  generally  very  inferior  in  strength  to  the  short-staple 
Uplands.  A  notable  exception  is  the  Southern  Hope,  which  was 
grown  under  irrigation  at  Yuma.  It  is  rather  remarkable  that  in 
this  case  sample  No.  1,  which  received  eight  irrigations  after  plant- 
ing, is  decidedly  stronger  than  sample  No.  2,  which  was  watered 
only  once  after  the  seed  was  put  in.  On  the  other  hand,  the  Mit 
Afifi  Egyptian,  which  received  eight  irrigations  at  Yuma  (sample 
No.  1  in  Table  VII),  was  decidedly  inferior  in  strength  to  that 
which  was  irrigated  only  one  to  four  times  (samples  i  to  i>).  The 
Mit  Afifi  and  Jannovitch  Egyptian  varieties,  grown  under  rainfall 
in  centra!  Texas  from  imported  seed,  appear  to  be  defii-ienf  in 
strength  as  compared  with  the  same  varieties  under  irrigation  in 
Arizona. 

From  the  manufacturer's  point  of  view,  tests  that  are  based  upon 
the  breaking  point  of  individual  fibers  are  not  alone  satisfactory 
indicators  of  the  strength  of  a  given  sample  of  cotton.  They  should 
be  supplemented  by  tests  of  the  breaking  strength  of  the  thread, 
which  depends  not  only  upon  the  strength  but  the  length  and  fine- 
ness of  the  individual  fiber,  the  last  character  determining  the  number 
of  fibers  which  can  be  spun  into  a  thread  of  given  diameter.  But 
when  the  great  fineness  and  the  satisfactory  length,  as  well  as  the 
great  strength  of  the  individual  fibers  of  the  Egyptian  cotton  pro- 
duced in  Arizona  in  1907  are  taken  into  consideration,  we  can  be 
reasonably  certain  that  they  will  furnish  a  very  strong  thread." 

Comparison  of  the  fiber  from  different  pickings. — In  view  of  the 
belief  prevailing  in  Egypt  that  fiber  from  the  first  picking  is  decid- 
edly superior  to  that  from  the  second  and  third,  the  prothicts  of  the 
first  and  of  the  later  pickings  from  some  of  the  best  selected  plants 
of  the  Mit  Afifi  variety  at  Yuma  in  1907  were  carefully  compared. 
In  point  of  strength,  as  has  been  noted,  the  fiber  from  the  later  pick- 
ings, which  were  taken  together,  was  found  to  be  uniformly  some- 
what superior  to  that  from  the  first,  but  in  the  other  characters  no 
pronounced  difference  was  observed,  except  that  in  two  or  three  cases 
the  length  was  slightly  inferior  in  the  later  pickings.  In  color  the 
later  pickings  were  in  all  cases  equal  to  the  first, 

<■  Tbe  results  of  tbe  strength  tests  of  yams  spun  from  the  JaDnovitcli  cotton 
KTOWD  at  Calexlco  and  Tuma  in  1002  support  this  belief. 
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Htnall  samples  of  the  acclimatized  Arizona-grown  Egyptian  cotton 
produced  in  1907  were  submitted  to  22  American  buyers  and  manu- 
facturers of  this  type  of  cotton,  of  whom  18  reported  their  opinions 
of  its  quality  and  11  furnished  estimates  of  its  value  at  current 
market  prices.  The  prices  varietl  considerably,  ranging  from  18  to 
26  cents  a  pound,  the  average  of  all  the  estimates  obtained  being  20.6 
cents.  At  the  time  when  these  estimates  were  furnished  (February 
15  to  March  7,  1908)  American  Middling  Upland  cotton  was  selling 
on  the  Boston  market  for  12  to  12^  cents  a  pound,  and  imported 
Egyptian  cotton  for  12  to  15J  cents  ("low  grades"),  14  to  18  cents 
("current  grades"),  lOJ  to  1!)  cents  ("good  grades  "),  and  17|  to  21 
cents  ("  high  grades  ") ."  The  Arizona-grown  fiber  would  therefore 
be  classed  with  the  high  grades  of  imported  Egyptian  cotton. 

The  length  of  the  Arizona-grown  fiber  was  placed  at  slightly  less 
than  1^  inches  (average  of  10  estimates) — hence  superior  to  most 
grades  of  Mit  Afifi  but  inferior  to  the  best  grades  of  Jannovitch.  As 
to  evenness  or  uniformity  of  length,  all  but  1  out  of  11  opinions  were 
very  favorable,  2  of  the  experts  pronouncing  the  Arizona  product 
superior  in  this  respect  to  imported  Jannovitch. 

In  respect  to  fineness,  the  consensus  of  opinion  appeared  to  be  that 
the  fiber  is  somewhat  inferior  to  Jannovitch  but  superior  to  Mit  Afifi. 
In  regard  to  the  strength  of  the  Arizona-grown  fiber,  all  the  reports 
were  satisfactory,  most  of  the  experts  considering  it  equal  to  that  of 
imported  Jannovitch,  while  one  manufacturer  reported  it  as  "rather 
better."  The  color  was  pronounced  to  be  lighter  than  the  best  grades 
of  Mit  Afifi,  but  darker  than  Jannovitch.  Only  1  out  of  the  14  ex- 
perts who  rendered  an  opinion  on  the  color  of  the  samples  criticised 
it  as  "  uneven."  The  luster  of  the  Arizona-grown  fil»er  was  generally 
regarded  as  somewhat  inferior  to  that  of  imported  Egyptian.  The 
"cling,"  or  "barb,"  an  important  quality  in  muking  strong  thread, 
was  commented  upon  favorably  by  the  two  manufacturers  who  men- 
tioned this  point.  Opinions  differed  somewhat  as  to  the  freedom  of 
the  samples  fi-om  waste,  the  consensus  being  apparently  that  in  this 
respect  the  Arizona  cotton  was  similar  to  all  but  the  l»est  grades  of 
imported  Egyptian.  As  to  al)sence  of  "  nep,"  the  opinions  were  on 
the  whole  decidedly  favorable. 

The  manufacturers  and  buyers  who  examined  the  Arizona-grown 
fiber  were  practically  unanimous  in  stating  that  it  could  be  satisfac- 
torily substituted  for  corresponding  grades  of  importeil  Egyptian 
cotton. 

'  Prices  quoted  on  tbe  Ronton  marbt-t  no  Riven  In  the  ('itmmerclal  BuUetlo 
of  Boston,  February  m,  22,  and  29,  and  Marcli  7,  1908. 
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It  is  evident  from  the  reports  received  that  the  experts  differed  as 
to  the  variety  of  cotton  represented  by  the  sampler,  some  making 
their  comparison  with  Mit  AfiB  and  some  with  Jannovitch.  A  sum- 
ming up  of  the  opinions  received  indicates  that  the  Arizona  cotton 
is  exactly  intennediate  between  these  two  varieties  in  almost  every 
character.  This  is  not  surprising,  since  the  samples  were  taken 
from  the  yield-test  ptat»<  of  1907,  which  were  grown  from  seed  ob- 
tained from  the  '^  second-select "  plants  in  the  breeding  rows  of  11)06 
and  mixed  together.  As  has  already  been  pointed  out,  the  seed  with 
which  the  breeding  experimcntji  were  commenced  at  Yuma,  although 
imported  under  the  name  of  Mit  Afifi,  produced  many  plants  which 
approximated  the  Jannovitch  variety  in  the  quality  of  their  fiber. 
During  the  last  two  years  superior  plants  typical  of  each  of  these 
varieties  have  been  selected,  and  it  is  expected  that  in  a  short  time 
there  will  be  available  a  supply  of  pure  seed  of  both  Mit  Afifi  and 
Jannovitch  Egyptian  cottons  thoroughly  adapted  to  the  climate  of 
the  Colorado  River  region. 


To  sum  up,  two  well-marked  types  of  Egyptian  cotton,  both  devel- 
oi>ed  from  mixed  seed  that  was  imported  under  the  name  of  Mit  Afifi, 
have  been  carried  through  five  generations  of  acclimatization  and 
selection  and  have  now  reached  a  high  degree  of  uniformity  and 
adaptability  to  conditions  in  the  southwestern  United  States.  These 
are  (1)  the  Mit  Afifi  type,  having  fiber  that  averages  IJ  inches  in 
length,  very  strong,  soft,  and  fine,  decidedly  crinkly,  and  of  a  light- 
brown  color;  (2)  the  Jannovitch  type,  with  fiber  averaging  Ig  inches 
in  length,  smoother,  silkier,  and  more  lustrous  than  the  Mit  Afifi,  and 
of  a  very  delicate  cream  color.  The  latter  type  may  be  regarded  as 
almost  intermediate  in  most  of  its  characters  between  Mit  Afifi 
Egyptian  on  the  one  hand  and  Sea  Island  on  the  other, 

IRRIGATION    EXPERIMENTS. 

In  order  to  determine  the  effect  upon  the  yield  and  quality  of  the 
fiber  produced  by  different  amounts  of  irrigation  water  applied  at 
different  intervals,  a  series  of  plats  was  planted  to  Mit  Afifi  Egyptian 
cotton  at  Yuma  in  190T. 

The  soil  of  these  plats  was  fairly  uniform,  being  a  sandy  loam 
on  the  surface  with  rather  open  sand  in  the  subsoil.  This  land  had 
not  been  in  crop  for  about  ten  months  previous  to  planting  the  cotton 
and  had  not  been  irrigated,  so  that  it  was  very  dry.  It  was  plowed 
and  prepared  for  planting  early  in  March,  1907,  was  thoroughly  irri- 
gated by  flooding  on  March  '2.1,  and  the  cotton  wiis  plnntcd  five  days 
later.  No  facilities  were  at  hand  for  measuring  the  amount  of  water 
applied  at  each  irrigation,  but  the  effort  was  always  made  to  irrigate 
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each  of  the  plats  for  about  the  same  length  of  time  with  the  same 
head  of  water.  In  each  case  the  land  was  cultivated  with  either  a 
5-shovel  or  a  harrow-tooth  cultivator  as  soon  as  possible  after  irriga- 
tion, although  in  the  case  of  plat  5  cultivation  was  not  possible  after 
the  later  irrigations,  owing  to  the  large  size  of  the  mature  plants. 

The  table  which  follows  gives  the  dates  on  which  each  plat  was 
irrigated  from  the  time  the  cotton  was  planted  until  the  last  picking 
was  made : 

trripaUon  esperitnent 
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In  Table  IX  are  given  the  dates  of  each  picking  on  each  plat,  the 
number  of  pounds  of  seed  cotton  (calculated  on  the  basis  of  1  acre)  se- 
cured at  each  picking,  and  the  percentage  of  the  entire  yield  of  each 
plat  represented  by  the  corresponding  picking  and  those  previous 
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It  will  also  be  interesting,  as  a  measure  of  the  degree  to  which 
ripening  was  hastened  or  retarded  by  the  treatment  given  the  differ- 
ent plats,  to  note  the  average  number  of  large  but  green  and  still 
unopened  bolls  per  plant  remaining  after  the  last  picking.  These 
were  as  follows :  Plat  1,  0 ;  plat  2, 4 ;  plat  3,  21 ;  plat  4,  25 ;  plat  5,  23. 

These  plats  were  not  planted  until  March  28,  1907,  although  if 
the  condition  of  the  weather  alone  had  governed  the  date  ^f  plant- 
ing the  seed  could  have  been  put  in  several  weeks  earlier.  Plat  2 
was  planted  as  a  yield-test  plat,  but  the  treatment  it  received  pro- 
duced such  excellent  results  that  it  is  included  here  for  comparison. 

On  plat  1,  which  was  irrigated  only  once  after  planting,  ripening 
was  hastened,  half  of  the  total  product  having  been  harvested  at 
the  0rst  two  pickings.  While  the  yield  from  this  plat  was  light 
compared  with  that  from  the  others,  yet  it  amounted  to  nearly  one 
bale  per  acre.  The  light  irrigation  that  was  given  allowed  the  soil 
to  remain  so  dry  during  the  greater  part  of  the  summer  that  Ber- 
muda grass  could  make  little  growth. 

Plat  2  was  irrigated  three  times  and  plats  3  and  4  twice  after  plant- 
ing. The  results  from  these  three  plats  show  that  the  longer  the 
second  irrigation  was  postponed  the  smaller  was  the  total  yield.  Plat 
2,  which  received  its  second  irrigation  six  weeks  earlier  than  plat  3 
and  nearly  nine  weeks  earlier  than  plat  4,  yielded  much  more  heav- 
ily than  the  others.  The  first  four  pickings  were  earlier  on  thi.s  plat 
than  on  any  of  the  others.  It  will  be  noted  that  the  first  irrigation 
was  given  two  weeks  later  on  plat  2  than  on  plats  3  and  4,  which  may 
also  have  had  something  to  do  with  the  heavier  yield  on  plat  2.  On 
this  plat  the  growth  induced  by  the  irrigation  on  July  15,  1907,  had 
nearly  all  matured  when  the  last  picking  was  made.  The  irrigation 
which  this  plat  received  on  September  12  did  not  induce  as  much 
new  growth  as  did  the  last  irrigation  given  plats  3  and  4.  The  late 
growth  on  plats  3  and  4  did  not  fully  mature  its  bolls  before  a  frost 
occurred,  as  is  indicated  by  the  large  number  of  green  bolls  remain- 
ing after  the  last  picking  was  made. 

Plat  5,  which  was  irrigated  eight  times  after  planting,  ripened  its 
fiber  later  than  any  of  the  others,  as  is  well  shown  by  the  fact  that 
the  percentage  of  the  total  yield  represented  by  the  first  two  pickings 
was  much  smaller  than  in  the  other  plats,  and  by  the  high  aver- 
age number  of  unripe  bolls  that  remained  on  the  plants  after  the 
last  picking.  The  first  picking  on  this  plat,  although  taken  sixteen 
day.s  later  than  on  any  of  the  others,  yielded  only  12  per  cent  of  the 
total  product.  Notwithstanding,  the  total  yield  from  this  plat  was 
second  only  to  that  from  plat  2,  there  having  been  no  killing  frost  in 
1907  until  the  middle  of  December.  In  ordinary  yeai-s  cotton  irri- 
gated thus  heavily  would  be  in  danger  of  a  reduction  of  yield  through 
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failure  of  many  of  the  bolls  to  ripen  before  a  severe  frost  occurs. 
The  growth  on  plat  5  was  very  rank  and  picking  was  correspondingly 
difficult.  The  fiber  from  this  plat  was  only  about  70  per  cent  as 
strong  as  that  from  plats  1  and  2,  which  received,  respectively,  only 
one  and  three  irrigations  after  planting.  In  other  characters  of  the 
fiber  no  difference  could  be  detected  except  that  the  color  was  slightly 
less  pronounced  on  the  excessively  irrigated  plat. 

It  would  be  unsafe  to  generalize  concerning  the  results  of  experi- 
ments conducted  during  only  one  season,  especially  as  the  date  of 
the  first  killing  frost  was  unusually  late  in  1907.  It  may  be  said, 
however,  that  on  sandy  loam  soils  in  the  Colorado  River  region  heavy 
yields  of  Egyptian  cotton  are  possible  with  very  moderate  irrigation 
provided  the  soil  is  thoroughly  cultivated  after  each  watering  and 
that  apparently  little  benefit  is  obtained  from  the  application  of 
water  after  tlie  Ist  of  September.  Further  experiments  are  neces- 
sary to  determine  accurately  the  amount  of  water  that  will  produce 
the  best  results  on  the  various  type.s  of  soils  occurring  in  the  region. 

SUtiOt^STUJNH  Att  TO  C'llLTHKAL  METIIUOH. 

Cotton  htm  lyeeu  no  little  grown  under  irrigation  in  the  United 
States  that  much  remains  to  l>e  learneti  about  pniducing  the  crop 
under  these  conditions.  The  following  suggestions  are  based  partly 
ui>on  the  limited  experience  that  has  so  far  been  obtained  in  the 
Southwest  and  partly  upon  our  knowledge  of  the  methods  followed 
in  Egypt,  As  has  already  been  pointed  out,  however,  the  Egyptian 
system  of  growing  cotton  can  not  be  closely  followed  in  the  United 
States,  owing  to  the  great  difference  in  the  labor  conditions  of  the 
two  countries. 


The  principal  difference  between  cotton  cultiire  in  the  arid  region 
of  the  United  States  and  in  the  South  Atlantic  and  Gulf  States  is  the 
almost  perfect  regulation  of  the  water  supply  that  is  possible  under 
irrigation.  This  enables  the  farmer  to  control  the  condition  of  the 
soil,  so  that  it  need  never  be  wet  at  times  when  plowing,  planting, 
cultivating,  picking,  and  other  cultural  operations  should  be  per- 
formed. This  and  the  almost  total  absence  of  rain  during  the  grow- 
ing season  make  it  much  easier  to  plan  and  carry  out  the  farm  work. 
The  expense  of  irrigating  is  more  than  comi>ensated  for  by  these  ad- 
vantages and  by  the  fact  that  there  is  little  danger  of  loss  or  damage 
from  rainy  weather. 

In  all  irrigated  district.s  whei-e  water  is  abundant  there  is  a  ten- 
dency to  irrigate  too  fi-efjtiently  and  to  cultivate  too  little.  The  prac- 
tice of  excessive  irrigation  inslead  of  cultivation  is  always  objectioa- 
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able,  OS  it  t«iids  to  leach  the  soil  of  its  plant  food,  iDJures  its  mechan- 
ical condition,  and  encourages  the  growth  of  weeds.  In  cotton 
culture  it  has  the  further  disadvantage  of  causing  an  overproduction 
of  wood  and  a  retarded  ripening  of  the  bolls.  The  conservation  of 
the  soil  moisture  by  thorough  tillage  after  each  irrigation  is  in  every 
way  a  more  economical  practice. 

The  first  essential  to  successful  irrigation  is  thorough  leveling  of 
the  land.  For  a  cultivated  crop  like  cotton  a  fall  of  2  inches  to  every 
600  feet  is  sufficient  in  most  soils.  The  frequency  with  which  irriga- 
tion should  be  given  depends  largely  upon  the  character  of  the  soil. 
Heavy  loams  and  clays  have  of  course  a  high  water-holding  capacity 
and  do  not  need  to  be  irrigated  as  often  as  sandy  loams.  On  heavy 
land,  if  well  tilled,  one  or  two  irrigations  after  planting  are  sufficient 
to  mature  a  crop  of  cotton  properly,  while  on  the  very  light  soils 
three  to  five  irrigations  may  be  required." 

Irrigation  by  flooding  requires  the  least  labor  and  gives  the  most 
satisfactory  results.  In  Egypt,  where  an  abundance  of  very  cheap 
labor  can  be  had,  furrow  irrigation  is  practiced,  but  in  this  country 
the  cost  of  labor  would  be  almost  prohibitive,  even  if  it  were  found 
otherwise  desirable  to  adopt  the  furrow  system.  The  quantity  of 
water  given  cotton  at  any  one  irrigation  should  be  sufficient  to  insure 
penetration  of  the  soil  to  a  considerable  depth.  In  most  cases  flood- 
ing to  a  depth  of  about  6  inches  suffices. 

Cotton  is  a  comparatively  drought-resistant  plant,  which  is  prob- 
ably at  least  partly  due  to  its  deep  rooting  habit.  It  has  been  found 
that  in  the  rather  light  soils  of  the  Yuma  Valley,  if  good  cultivation 
is  given,  the  roots  of  this  plant  will  penetrate  to  a  depth  of  6  to  8  feet. 
Hence,  cotton  requires  less  frequent  irrigation  than  shallow -rooted 
crops.  It  has  been  observed,  however,  that  the  Egyptian  varieties 
show  the  effect  of  drought  sooner  than  Upland  cottons. 

Since  the  amount  of  water  that  will  produce  the  best  results  and 
the  frequency  with  which  irrigations  should  be  given  depend  largely 
upon  the  character  of  the  soil  and  the  thoroughness  of  the  tillage,  it 
is  difficult  to  give  precise  directions  on  these  points.  In  general,  cot- 
ton should  be  irrigated  as  little  as  possible  after  it  has  begun  flower- 
ing. Heavy  irrigation  in  the  latter  part  of  the  summer,  especially 
during  very  dry,  hot  weather,  results  in  a  dropping  of  the  squares  * 

"In  Kgjpt.  as  lias  already  been  noted,  10  Irrigations  are  ordlnaHly  given  be- 
tween the  date  of  planting  and  tbat  of  the  flrst  picking.  It  mUHt  be  reoieni- 
bereil,  however,  that  ns  cotton  U  planted  In  Egypt  tbere  are  10  tlmea  aB  maoy 
plants  to  the  acre  an  in  tlie  exiieriaientH  at  I'uniu.  If  closer  iilantlng  Is  prac- 
ticed In  the  Southwwrt,  more  water  will  probably  be  required. 

*  The  term  "  s<|iiiire  "  Is  applied  to  the  unopened  bud  of  the  cotttm  flower  with 
its  Inclosing  bracts. 
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and  young  bolls.  It  is  also  likely  to  stimulate  a  late  growth,  so  that 
there  is  danger  that  many  bolls  will  be  caught  by  frost  before  reach- 
ing maturity. 

PBIiPABATIOH  or  TUB  LANU. 

Thorough  preparation  of  the  soil  is  necessary  to  insure  perfect  ger- 
mination. If  no  winter  or  green-manure  crops  are  grown  on  the  land 
it  should  be  plowed  in  the  fall,  so  as  to  expose  the  greuteKt  possible 
amount  of  surface  to  the  air  during  the  winter  months.  Plowing  to  a 
depth  of  6  to  10  inches  is  advisable  in  all  types  of  soil,  as  it  encourages 
the  development  of  a  deep  root  system.  The  work  .should  be  done 
when  the  surface  soil  is  not  dry  and  baked,  otherwise  difficulty  will 
be  experienced  in  obtaining  a  mellow,  well -pulverized  seed  bed. 

If  a  winter  crop  is  grown  it  should  be  removed  and  the  ground 
plowed  as  early  in  the  spring  as  possible.  It  is  essential  to  turn  under 
green-manure  crops  several  weeks  before  planting  cotton,  in  order 
(hat  they  may  decompose  somewhat  before  the  seed  is  put  in.  Just 
l)efore  giving  the  first  irrigation  in  the  spring  the  land  should  be  well 
harrowed  and  gone  over  once  with  a  leveling  drag,  in  order  to  remove 
the  inequalities  caused  by  plowing.  In  the  latter  part  of  February  or 
early  in  March  the  land  should  be  thoroughly  flooded,  so  that  every 
part  of  it  is  covered  to  a  depth  of  3  or  4  inches.  X''nless  this  is  done 
germination  will  not  be  uniform  and  the  stand  will  be  imperfect. 
As  soon  after  this  first  irrigation  as  possible  the  land  .should  be 
double-disked  and  then  worked  over  with  a  smoothing  harrow.  On 
some  soils  it  may  Ije  necessary  to  follow  the  smoothing  harrow  with 
the  leveling  drag.  These  operations,  if  carried  out  at  the  proper  time, 
will  insure  a  loose,  mellow,  and  moist  seed  bed  over  the  entire  field. 
Under  these  conditions,  if  good  seed  is  used,  germination  will  take 
place  in  five  or  six  days  and  a  uniform  stand  will  be  obtained. 


In  the  Southwest  cotton  should  be  planted  early.  Without  excep- 
tion the  plantings  made  at  Yuma  between  March  15  and  March  30 
gave  larger  returns  than  later  plantings  of  the  same  varieties.  Seed 
that  was  put  in  early  produced  plants  that  branched  well  near  the 
ground  and  made  a  more  determinate  growth  than  those  that  came 
from  seed  planted  near  the  end  of  April.  The  latter  came  up  readily 
and  grew  rapidly,  but  the  plants  were  spindling,  the  yield  light,  and 
the  crop  late  in  maturing.  Periods  of  cold  weather  are  likely  to 
follow  early  planting  and  to  retard  the  upward  growth  of  the  young 
plants,  but  during  these  periods  a  good  root  system  is  being  developed 
and  when  warm  weather  comes  on  later  such  plants  make  a  more  sat- 
isfactory growth  than  those  from  later  plantings.    Of  course,  the 
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proper  time  for  planting  in  any  locality  will  depend  largely  upon  the 
normal  date  of  the  last  frost  in  the  spring.  Cotton  seed  should  be 
put  in  as  soon  as  the  danger  of  killing  frost  is  past.  In  the  Colorado 
River  region  it  is  probable  that  in  ordinary  seasons  planting  can  be 
done  to  advantage  between  March  1  and  March  15,  and  in  the  Salt 
and  Gila  valleys  between  March  15  and  March  31. 

The  proper  distance  for  planting  Egyptian  cotton  in  the  Southwest 
varies  somewhat  according  to  the  nature  of  the  soil,  but  it  is  always 
much  greater  than  that  used  in  Egypt  for  the  same  varieties  or  in  the 
southern  United  States  for  Upland  varieties.  Experiments  in  the 
South  indicate  that  the  yield  increases  as  the  space  assigned  to  each 
plant  approaches  a  perfect  square.  Egyptian  varieties,  however, 
grow  more  rankly  and  require  more  space  than  any  Upland  variety. 
Moreover  the  weight  of  the  bolls  at  the  ends  of  tlie  long  branches 
bears  them  almost  to  the  ground  and  makes  the  last  cultural  oper- 
ations and  the  picking  so  difficult  that  it  is  advisable  to  have  the  rows 
much  farther  apart  than  the  hills.  A  distance  of  6  feet  between 
the  rows,  with  the  plants  3  feet  apart  in  the  row,  which  gives  each 
plant  18  square  feet,  produced  very  satisfactory  re.sii]ts  at  Yuma 
during  the  past  season.  A  yield  at  the  rate  of  990  pounds  of  fiber 
per  acre  was  obtained  from  the  Mit  Afifi  variety  planted  at  this  dis- 
tance, which  requires  only  5  or  6  pounds  of  seed  per  acre.  It  is 
possible  that  very  close  planting  in  the  row  may  tend  to  check  the 
luxuriance  of  .growth  of  this  type  of  cotton  without  decreasing  the 
yield. 

As  the  acclimatization  of  Egyptian  cotton  progresses,  the  proper 
planting  distance  can  doubtless  be  very  materially  decreased.  The 
average  distance  in  Egypt  for  the  same  ^-arieties  of  cotton  is  32  inches 
Ijetween  the  rows,  with  the  hills  16  inches  apart  in  the  row  and  with 
two  plants  to  the  hill.  These  distances  allow  each  plant  1.8  square 
feet  of  ground  space,  or  just  one-tenth  that  given  at  Yuma,  With 
this  planting  distance  there  would  be  24,000  plants  per  acre  or  ten 
times  the  number  present  when  the  distance  is  that  adopted  last  year 
at  Yuma.  The  average  amount  of  seed  used  per  acre  in  Egypt  is  45 
pounds.  The  great  difference  between  the  planting  distance  gener- 
ally used  in  Egypt  and  that  which  has  so  far  given  the  best  results 
at  Yuma  indicates  that  much  allowance  must  be  made  for  the  effect 
of  further  acclimatization  in  reducing  the  size  of  the  plants.  More* 
over,  additional  experiments  are  necessary  in  order  to  determine  the 
most  profitable  planting  distance  for  Egyptian  cotton  on  different 
types  of  soil  in  the  Southwest." 
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If  the  soil  has  been  well  prepared  and  is  free  from  Bermuda  grass, 
the  ordinary  one-horse  cotton  drill  is  the  best  implement  for  plant- 
ing; otherwise,  hand  planting  must  be  resorted  to  in  order  that  the 
seed  may  be  placed  in  moist  soil. 

The  proper  depth  depends  upon  the  character  of  the  soil  and  the 
date  of  planting.  The  earlier  the  seed  is  put  in,  the  shallower  should 
be  the  depth.  If  cold  weather  follows  deep  early  planting,  the  seed 
is  likely  to  rot  in  the  ground,  or  if  germination  takes  place  the  seed- 
lings will  not  have  sufficient  vitality  to  force  their  way  through  the 
soil.  In  Egypt  the  approved  depth  is  2  or  3  inches.  At  Yuma,  how- 
ever, although  the  soils  are  lighter  than  inoHt  Kgyptian  cotton  soilj 
and  planting  has  heretofore  been  done  at  a  later  date  than  is  usually 
the  case  in  Kgypt,  a  depth  of  only  1^  inches  gave  excellent  residts, 
the  seed  having  germinated  readily  uud  the  plants  having  become 
well  established  in  a  very  short  time. 

The  cotton  jilant,  when  once  established,  will  siirvive  rather  adverse 
climatic  condition.s,  but  during  the  first  two  weeks  after  germination 
it  is  sensitive  to  excessive  moisture,  heat,  and  cold.  The  seedlings 
of  Egyptian  cotton,  however,  are  hardier  than  those  of  Upland 
cotton  and  recover  more  quickly  from  the  effects  of  cold  weather. 
Dry  planting  followed  by  a  flooding,  which  is  a  frequent  procedure 
in  growing  grain  under  irrigation,  should  never  be  practiced  with 
cotton.  The  water  packs  the  soil  so  firmly  al)oiit  the  seed  that  a  poor 
stand  is  sure  to  result.  Very  little  moisture  is  required  to  germinate 
cotton  seed  provided  the  soil  is  lightly  finned  about  the  seed  at  the 
time  of  planting. 

When  the  cotton  drill  is  used  in  planting,  the  seed  should  be 
dropped  about  C  inches  apart  in  the  row  if  the  plants  are  afterwards 
to  be  thinned  to  a  distance  of  3  feet.  If  the  distance  after  thinning 
is  to  be  less  than  3  feet,  the  seeds  should  be  dropped  correspondingly 
closer.  When  the  plants  are  C  inches  high,  or  soon  after  the  third 
leaf  appears,  they  should  be  *'  chopped  "  out  to  the  desired  distance 
with  a  hoe.  If  hand  planting  is  practiced,  care  must  be  taken  in 
thinning  the  hills  to  avoid  injury  to  the  plants  that  are  left  standing. 
The  diflGcnlty  in  doing  this  satisfactorily  is  one  of  the  principal  objec- 
tions to  planting  in  hills. 

In  selecting  seed  for  planting  only  riiK-,  heavy  seed  that  shows  a. 
high  percentage  of  germination'  should  be  chosen.  Egyptian  cotton 
seed  that  has  been  grown  in  the  Southwest  for  several  years  is  in  every 
way  preferable  for  planting  to  seed  newly  imported  from  Egypt,  a.s 
it  is  better  adapted  to  the  changed  climatic  conditions.     Plants  from 

*<A  convenient  metliod  for  teHtlDg  tbe  viablJItf  of  cottoD  or  otber  aeede  Is  to 
place  100  needB  between  two  pieces  of  niolcit  cotton  cloth  and  Inclose  the  cloth 
and  seed  between  two  plates.  Tbe  nuniber  of  seeds  tliat  germinate  couBtltutea 
the  percentage  of  Tiabillty.  -.  , 
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such  seed  have  a  more  determinate  growth,  yield  better,  and  their 
bolls  open  more  satisfactorily  than  those  from  unacclimated  seed. 

CDLTIVATIMQ. 

If  the  groimd  has  been' well  irrigated  and  then  thoroughly  pulver- 
ized previuuH  to  planting,  the  plants  will  reach  a  height  of  8  to  10 
inches  before  a  second  irrigation  is  required.  Withholding  water 
for  some  time  after  planting  encourages  the  development  of  a  deep 
root  system.  On  the  other  hand,  frequent  irrigation  at  this  time 
encourages  the  growth  of  lateral  roots  close  to  the  surface  of  the  soil, 
which  is  undesirable,  as  plants  possessing  a  root  development  of  this 
character  are  the  first  to  suffer  in  case  there  i-s  a  shortage  of  water 
later  in  the  sea.wn.  Thorough  cultivation,  so  a.s  to  establish  a  dust 
mulch  2  or  3  inches  deep,  should  follow  every  irrigation  just  as  soon 
as  the  soil  is  dry  enough  to  be  tilled.  Conservation  of  soil  moisture 
by  cultivation  is  cheaper  and  more  satisfactory  than  frequent  irri- 
gation. 

On  light  soils  a  14-harrow-tooth  cultivator  is  the  best,  implement  to 
use  in  forming  a  dust  mulch.  On  heavy  soils  a  five  or  seven  shoveled 
cultivator  with  a  pulverizing  attachment,  followed  by  the  harrow- 
toothed  cultivator,  will  produce  the  same  results.  It  is  advisable  to 
use  the  scuffle-hoe  attachment  for  the  five-shoveled  cultivator  in  case 
the  field  is  weedy.  If  the  land  is  free  from  weeds,  the  only  hand  work 
necessary  will  be  that  required  in  thinning  out  the  plants  and  loosen- 
ing the  soil  around  them  after  the  first  irrigation,  while  they  are  small 
and  tender.  The  experience  so  far  obtained  at  Yuma  would  indicate 
that  cultivation  should  cease  soon  after  the  plants  begin  blossoming. 


In  localities  where  frost  occurs  early  in  the  fall,  the  growing  period 
can  be  shortened  by  giving  the  last  irrigation  at  a  correspondingly 
early  date.  If  this  is  done,  the  plants  will  set  their  bolls  and  mature 
their  crop  much  earlier  than  when  an  abundance  of  water  is  given 
throughout  the  growing  season.  In  localities  where  the  season  is 
comparatively  short  and  it  is  consequently  necessary  to  restrict  the 
growing  period  of  cotton,  closer  planting  is  also  to  be  recommended. 

If  the  cultural  methods  above  described  are  followed,  cotton  planted 
in  the  Colorado  River  region  in  the  middle  of  March  should  be  ready 
for  the  first  picking  by  the  middle  of  September.  Egyptian  cotton 
has  a  less  determinate  growth  than  the  Upland  varieties  and  matures 
its  crop  during  a  longer  period  and  at  a  lower  temperature  than  the 
latter.  This  necessitates  a  larger  number  of  pickings  than  for  most 
Upland  varieties.  The  comparatively  rank  growth  of  the  Egyptian 
varieties,  making  work  between  the  rows  more  difficult,  their  habit 
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of  bearing  the  bolls  at  the  ends  of  the  branches,  thus  bending  the 
latter  to  the  ground,  and  the  smaller  size  of  the  bolls  make  picking 
slower  and  hence  more  expensive  than  with  Upland  varieties.  It  is 
probably  safe  to  estimate  that  the  average  cotton  picker  can  gather 
Egyptian  cotton  about  two-thirds  as  rapidly  as  Upland." 

In  1907,  when  the  first  killing  frost  did  not  occur  until  after  the 
middle  of  December,  four  and  on  some  plats  even  five  pickings  of 
Egyptian  cotton  were  made  at  Yuma.  But  if  the  crop  is  grown  on  a 
commercial  scale,  it  in  probable  that,  as  in  Egypt,  only  three,  or  at 
most  four,  pickings  will  ordinarily  be  made.  It  is,  however,  es- 
pecially important  with  Egyptian  varieties  not  to  leave  the  cotton 
unpicked  for  any  considerable  length  of  time  after  tlie  bolls  open,  as 
exposure  to  the  weather  damages  tlie  fiber.  In  picking,  great  care 
should  be  taken  to  keep  the  cotton  as  free  as  possible  from  fragments 
of  leaves,  flowers,  bolls,  etc.  In  grading  Egyptian  cotton  much  im- 
portance is  attached  to  its  freedom  from  "  trash,"  and  the  price  ob- 
tained largely  depends  upon  the  cleanness  of  the  fiber. 

No  very  satisfactory  and  economical  method  has  yet  been  found  for 
removing  the  stalk-s  that  i-emain  in  the  field  after  the  last  picking. 
The  vigorous  growth  of  Egyptian  cotton  plants  makes  the  methods 
used  with  Upland  cottons  in  the  South  impracticable.  Probably  as 
good  a  way  as  any  is  to  cut  out  the  plants  by  hand  and  throw  them 
into  piles;  one  man  can  do  this  work  at  the  rate  of  an  acre  a  day. 
Until  some  economical  use  is  found  for  the  stalks,  they  can  best  be 
disposed  of  by  burning  them  in  the  field  as  soon  as  they  arc  dry.  If 
there  are  many  immature  bolls  and  green  leaves  remaining  after  the 
last  picking,  the  field  can  be  profitably  pastured  by  dairy  stock  or 
beef  cattle. 

UACHINEBY     REQUIRED. 

No  expensive  field  machinery  is  necessary  in  Egyptian  cotton  cul- 
ture. When  the  land  has  once  been  leveled,  the  only  implements 
needed  by  the  individual  farmer  are  an  ordinary  two-horse  walking 
plow  or  disk  plow,  a  smoothing  harrow,  a  homemade  leveling  drag, 
a  two  or  four  horse  disk  harrow,  and  a  one-horse  cotton  drill.  With 
the  exception  of  the  last,  all  of  these  implements  are  to  be  found  on 
the  average  irrigated  farm. 

In  order  to  prepare  the  product  for  the  market,  more  costly 
machinery,  i.  e.,  gins  for  separating  the  fiber  and  presses  for  baling 
it,  will  be  required.  These  can  be  more  advantageously  purchased 
and  operated  by  a  cooperative  association  of  cotton  growers  than 

"  sir.  Robert  Vlewlg,  wbo  grew  K^ptlnn  cotton  at  GodwiDBTllle,  Gs.,  in  1900, 

re)iorted  to  Mr.  L.  H.  Dewey,  of  the  Bureau  of  Plant  Industr;,  that  tbe  n^roes 

In  bis  vicinity  preferred  to  iiick  Egyptian  cotton  at  tbe  rate  of  7S  centR  a 

hundred  i»oiindB  to  Upland  cotton  at  SO  cents  a  bundred  pounds. 
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by  individual  farmers.  The  long  fiber  of  Egyptian  cotton  can  not 
be  separated  without  injury  by  the  saw  gins  used  for  short-staple 
Upland  cottons.  Roller  gins,  such  as  are  used  in  Egypt  and  in  the 
Sea  Island  district  in  South  Carolina  and  Georgia,  will  be  necessary. 
A  good  roller  gin,  capable  of  turning  out  60  to  100  pounds  of  fiber 
nn  hour,  costs  at  the  factory  about  $150."  It  will  be  found  more 
economical  to  set  up  a  battery  of  from  four  to  eight  gins  than  to 
install  power  to  run  a  single  gin.  As  a  rule,  in  Egypt  much  greater 
care  is  used  in  ginning  than  in  the  United  States,  and  the  fiber  as  it 
reaches  the  manufacturer  is  much  cleaner  and  more  attractive  look- 
ing. If  this  type  of  cotton  is  grown  in  the  southwestern  United 
States,  the  chances  of  marketing  it  advantageously  will  l>e  much  in- 
creased by  careful  ginning. 


Fig.  2. — FlniBbed  £e.vptlan  votton  bali'H  al  n  gltincrv  at  Kafr  vz  Zaj'at.  F:efpC. 

A  single-box  screw  press  having  an  hourly  capacity  of  IJ  bales 
(hence  about  the  capacity  of  10  roller  gins)  can  be  purchased  at  the 
factory  for  $160.  A  revolving  double-box  press  with  an  hourly 
capacity  of  4  to  5  bales  costs  from  $300  to  S-'iOO  at  the  factory.  These 
presses  will  turn  out  ordinary  rough  bales  in  sufficiently  good  shape 
for  shipment  to  one  of  the  southern  cities  where  compresses  are 
operated.  At  the  outset,  pres.ses  of  this  description  would  probably 
answer  the  purpose  of  southwestern  cotton  growers. 

We  must  not,  however,  lose  sight  of  the  fact  that  buyers  and  manu- 
facturers of  Egyptian  cotton  are  accustomed  to  receiving  it  in  the 
very  compact,  well-made  bales  shown  in  text  figure  2.    Tlie  care  with 

"Another  roller  gin  that  is  miieh  used  In  Ihe  Sea  Island  district  Is  stated 
to  have  a  cnpncity  of  IJ  bales  dally.  While  the  saw  gin  does  much  more  riii>ld 
work  than  the  roller  gin,  It  would  \w  almost  lmiM>sslhle  tn  market  lon);-Hta|)le 
fiber  If  giimed  on  the  former  machine. 
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which  it  is  put  up  has  contributed  not  a  little  to  enhance  the  reputa- 
tion of  this  type  of  cotton.  Almost  without  exception  American  users 
of  Egyptian  cotton  have  mentioned  the  care  with  which  it  is  ginned 
and  baled  as  one  of  their  chief  reasons  for  preferring  it.  If  Egyptian 
cotton  culture  were  to  be  undertaken  on  a  commercial  scale  in  the 
Southwest,  growers  in  that  section  would  obtain  a  great  advantage  by 
securing,  from  the  outset,  a  reputation  for  care  in  putting  up  their 
product  equal  to  that  enjoyed  by  the  Egyptians.  To  accomplish  this 
a  compress  will  be  needed  in  order  to  make  the  bales  turned  out  by  the 
gin  presses  still  more  compact.  If  a  compress  were  located  in  the 
region  where  the  cotton  is  grown,  so  that  the  much  less  bulky  com- 
pres.'jed  bales  could  be  shipped  from  the  point  of  production,  a  con- 
siderable saving  in  freight  rates  would  doubtless  result.  In  view  of 
the  long  haul  to  a  seaport  that  will  be  necessary,  this  is  a  very  impor- 
tant consideration  and  should  not  be  overlooked  by  those  who  may 
contemplate  growing  cotton  in  the  Colorado  River  region. 

The  compresses  ordinarily  seen  in  the  cotton  belt  are  large  estab- 
lishments located  at  important  shipping  centers  and  costing  $35,000 
to  $30,000.  There  is,  however,  a  compress  manufactured  in  the 
United  States  that  costs  only  $3,800,  delivered  on  the  cars  at  the  fac- 
torj-.  It  is  calculated  that  set  up  at  any  point  on  the  railway  in 
southern  Arizona  or  southeastern  California  it  would  cost  not  more 
than  $5,500.  This  compress  is  advertised  as  turning  out  a  hale  which 
is  55  by  21  by  20  to  26  inches  in  dimensions"  and  which  weig^  ap- 
proximately 500  pounds.  The  daily  capacity  is  said  to  be  from  100  to 
125  bales  (in  a  twenty-four-hour  day).  Such  a  compress  should  be 
able  to  handle  all  the  cotton  produced  in  a  large  community.  The  de- 
creased bulk  of  the  bales,  which  would  result  in  a  saving  of  freight 
rates,  and  their  attractive  appearance,  which  would  facilitate  sales  to 
buyers  and  manufacturers  of  this  type  of  cotton,  should  be  ample 
warrant  for  installing  such  a  compi-ess  in  any  community  where 
Egyptian  cotton  gi-owing  is  seriously  undeHaken, 


The  alluvial  soils  of  the  Salt,  Yuma,  and  Imperial  valleys  are  for 
the  most  part  well  supplied  with  all  the  mineral  elements  necessary 
for  plant  growth,  but  are  often  deficient  in  humus  or  organic  matter, 
which  is  essential  in  maintaining  a  proper  physical  condition.  Fur- 
thermore, cotton,  if  planted  continuously  on  any  soil,  will  gradually 
deplete  its  fertility,  being  especially  exhaustive  of  nitrogen.  In 
order,  therefore,  to  maintain  a  sufficient  nitrogen  content  and  to  in- 

"Thls  bale  would  therefore  be  abont  ae  bulky  Id  proportion  to  tbe  welglit  ol 
Its  contentB  as  tlie  Rgyptlon  and  about  two-tblrds  as  bulky  as  the  ordlnaiy 
American  compreBsed  bale. 
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crease  the  supply  of  humus,  leguminous  crops  should  be  grown  in 
rotation.  For  a  long-period  rotation  there  is  nothing  better  than 
alfalfa.  But  if  it  is  desired  to  grow  cotton  at  frequent  intervals  on 
the  same  land,  winter  annual  or  green  manure  crops  must  be  intro- 
duced. Berseem  (Alexandrian  clover)  is  extensively  used  for  this 
purpose  in  £gypt,  and  experience  indicates  that  it  will  do  well 
as  a  winter  crop  under  irrigation  in  the  Colorado  River  region. 
The  productiveness  of  this  clover  and  the  great  number  of  nitrogen- 
bearing  nodules  that  develop  on  its  roots  make  it  an  excellent  plant 
to  use  in  rotation  with  cotton  and  with  cultivated  summer  crops  in 
general.  Other  leguminous  plants,  some  of  whicli  will  probably 
prove  valuable  as  soiling  or  green-manure  crops,  are  being  tested  in 
the  region.  If  a  proper  rotation  system  is  adopted  at  the  outset,  com- 
mercial fertilizers  will  probably  not  be  required  in  this  region  for 
many  years  in  connection  with  cotton  raising. 


The  greatest  obstacle  to  cotton  culture  in  the  Southwest  at  present 
is'  the  difficulty  of  procuring  labor  for  picking.  In  this  connec- 
tion it  may  be  stated  that  picking  is  the  only  cultural  operation 
that  costs  more  for  Egyptian  than  for  Upland  cotton.  The  cost, 
of  preparing  the  land,  planting,  irrigating,  and  cultivating  is  the 
same  for  both  kinds.  Hence,  the  total  expense  to  the  acre  in  pro- 
ducing Egyptian  cotton  is  very  little  more  than  in  producing  Upland 
cotton. 

The  labor  conditions  in  the  Colorado  River  region  are  unusual, 
owing  to  its  remoteness  from  labor  centers.  Ordinary  farm  labor 
often  commands  $2  a  day  or  $1.50  with  board.  Cotton  picking, 
however,  can  be  satisfactorily  performed  by  the  cheapest  class  of 
labor.  Under  certain  conditions  some  of  the  agriculturally  inclined 
Indians  might  make  very  good  pickers.  In  the  event  of  cotton  cul- 
ture being  developed  on  a  commercial  scale,  Indian  families  could 
probably  be  employed  to  do  the  picking  at  a  reasonable  cost.  If  the 
industry  becomes  established  in  this  region,  the  cost  of  picking  will 
probably  be  reduced  in  proportion  as  the  population  becomes  denser 
and  the  pickers  more  adept. 

It  is  believed,  however,  that  the  best  chance  of  establishing  a  cot- 
ton industry  in  the  Colorado  River  region  is  not  on  the  basis  of  a 
large  individual  acreage,  requiring  much  hired  labor,  but  on  the 
basis  of  2  to  3  acres  to  each  farm,  the  farmer's  family  supplying  most 
of  the  labor  needed.  A  total  acreage  large  enough  to  warrant  the 
establishment  of  a  compress  could  thus  be  secured.  The  compara- 
tively small  size  of  the  farm  units  on  the  Salt  River  and  Yuma 
reclamation  projects  will  favor  this  distribution  of  the  cotton  aere- 
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age  among  many  small  growers.  On  this  basis  Egyptian  cotton  may 
reasonably  be  expected  to  become  one  of  the  staple  crops  in  the 
irrigated  districts  of  the  hot  Southwest. 

MARKETS  AND  TRANSPORTATION. 

The  Colorado  Kiver  region  is  a  long  way  from  the  manufacturing 
centers  where  Egyptian  cotton  is  chiefly  used.  In  the  United  States 
these  are  mostly  situated  in  New  England.  To  market  the  product 
to  the  greatest  advantage  it  will  probably  be  necessary  to  ship  it  either 
to  Boston  or  to  Liverpool,  the  latter  city  being  the  greatest  market 
in  the  world  for  Egyptian  cotton.  This  will  necessitate  transpor- 
tation by  railway  either  to  Galveston,  Tex.,  the  nearest  port  on  the 
Gulf  of  Mexico,  or  else  to  some  Pacific  coast  port,  whence  shipment 
could  be  made  around  Cape  Horn.  The  former  route  would  require 
a  longer  haul  by  railway,  but  a  very  much  shorter  transit  by  water 
to  ports  that  are  near  the  manufacturing  centers.  The  latter  route 
will  very  likely  become  the  cheaper  one  when  the  Panama  Canal  is 
completed. 

There  is  reason  to  hope  that  ultimately  there  will  be  a  market  on 
the  Pacific  coast  for  all  cotton  grown  in  Arizona  and  California.  A 
mill  which  it  is  said  now  obtains  from  Texas  12,000  bales  of  cotton  an- 
nually has  been  in  operation  in  California  for  twenty  years.  Only 
short-staple  cotton  is  utilized  by  this  factory,  but  the  existence  near 
the  Pacific  coast  of  a  source  of  supply  of  more  valuable  fiber  might 
encourage  the  erection  of  factories  adapted  for  the  manufacture  of 
the  best  grades  of  cotton  goods. 

The  seed  is  a  by-product  of  immense  value  in  connection  with  cot- 
ton growing.  There  would  probably  be  a  good  local  market  among 
dairymen  and  feeders  for  most  of  the  cotton  seed  produced  in  the 
Colorado  River  region,  since  the  price  of  all  feed  stuffs  is  very  high 
there.  Oil  mills  would  probably  soon  spring  up  on  the  Pacific  coast 
and  would  afford  a  market  for  any  surplus  that  might  exist. 


The  cotton  plant  is  susceptible  to  a  number  of  diseases  caused  by 
fungi  and  bacteria,  the  most  serious  of  which  in  the  United  States 
are  root-rot,  anthracnose  or  boll-rot,  wilt,  and  the  disease  which  is 
sometimes  known  as  "  black  arm."  The  last  is  a  bacterial  disea.se 
to  which  the  Egyptian  varieties  are  peculiarly  sensitive.  The  other 
maladies  are  due  to  the  attacks  of  fungi.  Boll-rot,  or  anthracnose, 
and  "  black  arm  "  are  very  apt  to  be  disseminated  Mith  seed  from  in- 
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fected  areas,  and  it  is  probable  that  the  wilt  disease  also  can  thus 
be  conveyed.  In  obtaining  cotton  seed  from  the  Southern  States, 
therefore,  great  care  should  be  taken  to  ascertain  that  the  district 
from  which  it  comes  is  free  from  all  these  diseases. 

None  of  these  diseases  has  as  yet  appeared  as  a  foe  to  cotton  in  the 
irrigated  districts  of  the  Colorado  River  region,  although  there  is 
every  reason  to  fear  that  the  root-rot,  a  disease  pet'iiliar  to  the  South- 
west, which  is  more  or  less  prevalent  on  alfalfa  in  the  Salt  River 
Valley,  may  also  attack  the  cotton  plant.  The  only  preventive  meas- 
ure that  can  at  present  be  recommended  is  to  avoid  planting  cotton 
on  land  on  which  alfalfa  has  died  out  in  a  manner  suggesting  the 
presence  of  root-rot.  Since  this  fimgus  apparently  exists  in  virgin 
land  in  the  Southwest,  sometimes  attacliing  the  first  crop  grown 
after  such  land  is  broken,  it  will  be  advisable  to  give  all  soil  on 
which  cotton  is  to  Im;  planted  thorough  aeration  by  means  of  a  deep 
fall  plowing. 

Of  the  insects  that  attack  cotton  in  the  United  States,  the  most 
injurious  are  the  Mexican  boll  weevil  and  the  bollworm.  The  weevil 
is  especially  to  be  dreaded  in  the  Southwest.  This  scourge  of  cotton 
culture  was  first  introduced  into  Texas  from  Mexico  in  1893.  It  has 
spread  so  rapidly  that  in  1907  the  infested  area  not  only  included  the 
greater  part  of  Texas  and  Louisiana,  but  had  extended  into  Arkansas, 
Mississippi,  and  Oklahoma.  There  is  no  small  danger  that  the  entire 
cotton  belt  of  the  South  will  ultimately  become  infested  with  this 
insect.  The  direct  loss  due  to  the  depredations  of  the  weevil  during 
the  season  of  1907  is  estimated  at  385,000  bales,  valued  at  $25,000,000. 
There  is  no  question  that  the  weevil  can  be  distributed  with  the  seed. 
For  this  reason,  cotton  seed  should  under  no  circumstances  be  intro- 
duced into  Arizona  or  California  from  the  weevil-infested  regions  of 
the  South  unless  it  has  been  fumigated  under  proper  supervision. 

Owing  to  the  danger  of  introducing  not  only  the  weevil  but  the 
bacterial  and  fungous  diseases  already  described,  the  safest  plan  will 
be  to  import  no  seed  from  any  section  of  the  South  without  thor- 
oughly fumigating  it  upon  arrival. 

BERMUDA  OKASB   IN    RELATION   TO  COTTON   CUI.TUHR. 

Bermuda  grass  has  gained  a  substantial  foothold  in  the  valley  of  the 
Colorado  River  just  below  Yuma,  and  conditions  there  have  proved 
so  favorable  to  its  growth  that  it  has  become  a  most  serious  pest. 
This  is  one  of  the  few  regions  in  the  United  States  where  this  grass 
produces  seed,  and  it  has  been  found  to  seed  freely  there  throughout 
the  summer,  from  May  to  November. 
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Since  the  plant  quickly  takes  possession  of  ditch  banks,  where  it 
makes  a  luxuriant  growth,  the  seeds  spread  rapidly  in  the  irrigation 
water  and  the  weed  soon  gains  a  foothold  on  all  irrigated  land.  Hav- 
ing once  gained  such  a  foothold,  the  grass  spreads  rapidly,  and  unless 
vigorous  methods  are  used  it  soon  completely  infests  the  land.  On 
the  heavier  soils  it  seems  to  resist  successfully  all  attempts  to  eradi- 
cate it  as  long  as  the  land  is  irrigated.  In  fact,  no  cases  are  yet 
known  at  Yuma  where  heavy  land  once  infested  has  been  eatirdy 
reclaimed  from  it. 

Where  water  is  supplied  through  infested  ditches,  the  utmost  vigil- 
ance is  required  to  keep  the  weed  in  subjection.  In  view  of  the  fact 
that  cotton  requires  but  little  irrigation  and  permits  thorough  culti- 
vation, this  crop  is  admirably  adapted  for  use  where  Bermuda  grass 
infestation  is  likely  to  occur,  and  also  where  it  is  proposed  to  attempt 
the  eradication  of  the  weed. 

It  seems  probable  that  fair  success  in  eradication  might  be  hoped 
for  if  an  infested  field  were  pastured  down  very  close  during  one  sum- 
mer, plowed  in  the  autumn,  allowed  to  lie  dry  for  eighteen  months, 
with  an  occasional  cultivation  during  the  intermediate  summer  to  kill 
any  plants  that  might  start  growth,  and  then  planted  to  cotton  the 
third  season.  One  thorough  irrigation  in  March  just  before  plant- 
ing and  another  early  in  May  would  be  enough  to  mature  the  cotton 
crop,  and  if  these  irrigations  were  followed  by  thorough  and  persist- 
ent cultivation  the  growth  of  Bermuda  grass  would  at  least  be  seri- 
ously checked,  and  such  treatment,  might  be  sufficient  to  kill  out  the 
plants  completely. 

It  has  been  noted  that  a  very  fair  crop  of  cotton,  amounting  to 
nearly  one  Iwile  to  the  acre,  was  produced  at  Yuma  with  but  two  irri- 
gations, one  on  March  23  and  one  on  May  9,  on  land  that  had  not  been 
irrigated  for  nearly  a  year  before  the  cotton  was  planted,  and  which 
was  therefore  very  thoroughly  dried  out. 

Unless  some  comparatively  drought-resistant  crop,  such  as  cotton, 
can  be  grown  on  these  Bermuda-grass-infested  soils,  it  will  be  hope- 
less to  try  to  reclaim  theiu  without  keeping  them  dry  and  well  culti- 
vated for  at  least  two  years. 


During  the  past  ten  years  the  United  States  has  imported  on  the 
average  53,000,000  pounds  of  Egyptian  cotton  annually.  In  1907  the 
direct  imports  from  Egypt  were  valued  at  $16,000,000,  and  the  aver- 
age price  per  pound  paid  in  Boston  for  Egyptian  cotton  was  about 
'22  cents. 

Egyptian  cotton  resembles  Sea  Island  in  many  respects,  the  fiber 
Iwing  long,  very  strong,  and  very  fine  and  silky.    That  of  the  leading 
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variety,  Mit  Afifi,  is  characterized  by  its  brown  color,  Egyptian 
cotton  is  in  demand  for  manufacturing  high-grade  goods  of  various 
kinds  and  is  especially  suitable  for  mercerizing  and  for  mixing  with 
silk. 

The  Bureau  of  Plant  Industry  has  for  several  years  experimented 
with  Egyptian  cotton  at  various  localities  in  the  southern  United 
States,  from  South  Carolina  to  central  Texas.  The  results  in  the 
main  cotton  belt  do  not  promise  much  succeiss,  the  failure  of  many  of 
the  bolls  to  ripen  before  the  Brht  killing  frost  in  the  autumn  making 
it  impossible  to  obtain  the  maximum  yields. 

The  Colorado  River  region  in  southern  Arizona  and  southeasteiii 
California,  which  is  the  part  of  the  United  States  that  must  nearly 
rebembles  Egypt  in  its  long,  hot,  nearly  rainless  summers  and  its  agri- 
culture under  irrigation,  has  proved  to  be  well  adapted  to  Egyptian 
varieties  of  cotton. 

Experiments  carried  on  in  the  Southwest,  especially  at  Yuma, 
Ariz.,  during  the  last  five  years,  have  demonstrated  that  gooti  yields 
of  high-grade  Egyptian  cotton  can  be  produced  in  that  region. 

Acclimatization  has,  however,  been  found  necessary,  since  during 
the  first  two  or  three  years  of  the  experiments  the  plants  made  an 
excessive  growth  of  wood  and  produced  relatively  few  bolls,  which 
ripened  late  and  did  not  open  satisfactorily. 

During  the  past  two  seasons  the  size  of  the  plants  has  diminished, 
the  average  number  of  bolls  on  each  plant  has  greatly  increased,  they 
have  ripened  much  earlier,  and  they  have  opened  wide,  rendering 
picking  much  easier. 

Careful  selection  has  also  been  necessary,  especially  with  the  prin- 
cipal variety,  the  Mit  Afifi,  which,  when  first  introduced  into  the 
United  States,  was  found  to  be  much  mixed,  containing  a  large  per- 
centage of  inferior  individuals.  The  average  length  of  the  fiber  was 
less  than  1|  inches,  and  it  lacked  the  strength,  fineness,  and  uniform 
light-brown  color  that  characterize  the  best  grades  grown  in  Egypt. 

In  1907  the  average  length  of  fiber  in  the  experimental  field  at 
Yuma  was  practically  IJ  inches,  and  the  strength,  fineness,  luster,  and 
color  were  very  satisfactory. 

The  selections  include  two  well-marked  types,  corresponding  to  the 
two  leading  Egyptian  varieties,  Mit  Afifi  and  Jannovitch.  The  first 
has  fiber  about  1^  inches  in  length,  crinkly  but  fine,  nnd  of  a  pro- 
nounced brown  color.  The  second,  which  more  nearly  approaches 
Sea  Island  varieties,  averages  1§  inches  in  the  length  of  its  fiber, 
which  is  silky,  lustrous,  and  of  a  very  li^t  cream  color. 

Mit  Afifi  Egyptian  cotton  yielded  at  Yuma  in  1907  at  the  rate 
of  3,300  pounds  o£  seed  cotton  to  the  acre.  The  percentage  of  lint 
being  about  30,  this  gives  a  yield  of  two  American  bales,  which  prac- 
tically equalled  that  of  any  I'pland  variety  grown  in  the  same  field. 
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This  yield  was  obtained  with  the  rows  6  feet  apart  and  the  plants 
3  feet  apart  in  the  rows,  while  in  Egypt  the  rows  average  32  inches 
apart  and  the  hills  16  inches  apart,  with  two  plants  in  each  hill. 
Hence,  in  Egypt  there  are  ordinarily  ten  times  as  many  plants  to  the 
acre  as  in  the  experiments  at  Yuma.  As  acclimatization  in  the 
Southwest  progresses,  the  plants  will  probably  become  smaller  and 
the  distance  for  planting  can  be  decreased. 

Early  planting  gives  much  better  results  than  later  planting.  The 
peed  should  be  put  in  as  soon  as  there  is  reasonable  certainty  of  no 
further  danger  from  killing  frosts, 

A  level  seed  bed,  with  flood  irrigation,  is  probably  better  adapted 
to  conditions  in  the  southwestern  United  States  than  the  furrow 
method  of  planting  and  irrigating  that  is  practiced  in  Egypt. 

Cotton  is  a  relatively  drought- resistant  plant  by  virtue  of  its  deep 
taproot,  which  in  the  loamy  soils  of  Yuma  Valley  penetrates  from  6 
to  8  feet.  Consequently,  it  requires  less  water  than  most  crops  that  are 
grown  under  irrigation. 

Preliminary  experiments  indicate  that  even  in  a  rather  light  loam 
soil  two  irrigations  after  planting  suffice  to  produce  a  good  crop  of 
cotton,  provided  a  thorough  cultivation  is  given  after  each  watering 
and  a  good  dust  mulch  is  at  all  times  maintained.  Irrigation  is  ap- 
parently unnecessary  after  the  first  of  September.  Heavy  irrigations 
late  in  the  season  I'etard  ripening  and  increase  the  risk  of  loss  from 
early  frosts. 

The  high  fall  temperatures  of  the  Colorado  Kiver  region  and  the 
indeterminate  growth  of  Egyptian  cotton  plants  cause  the  ripening 
of  the  fiber  to  be  continued  during  several  months.  Three  or  four 
pickings  are  necessary  to  harvest  the  bulk  of  the  crop. 

The  small  size  of  the  bolls  of  Egyptian  varieties  and  the  vigorous 
growth  of  the  plants  make  picking  slower  than  with  large-boiled 
Upland  varieties.  To  gather  100  pounds  of  Egyptian  seed  cotton 
requires  one  and  one-half  times  as  long  as  to  gather  the  same  quantity 
from  big-boiled  Upland  varieties. 

The  greater  cost  of  picking  is  relatively  unimportant,  however, 
in  view  of  the  much  higher  price  brought  by  Egyptian  cotton.  That 
of  the  grade  grown  at  Yuma  in  1907  should  be  worth  more  than  1^ 
times  as  much  as  Middling  Upland  cotton.  The  expense  of  all  other 
cultural  processes  is  the  same  for  both  types  of  cotton. 

At  least  600,000  acres  of  land  will  be  under  irrigation  in  the  Colo- 
rado River  region  within  a  few  years.  One-fifth  of  this  acreage, 
with  a  yield  of  one  American  bale  to  the  acre,  could  produce  the  aver- 
age amount  of  Egyptian  cotton  that  has  been  imported  into  the 
United  States  during  the  last  ten  years. 
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DESCBIFTION  OF  PLATES. 

Plate  I.  FronUnfiicn:  (Heiieral  view  of  the  eK|)erliuentnl  field  of  Ee^ptlan  and 
uther  varletlps  of  Mtloii  at  Yunin.  Arls.,  In  1U07.  The  breeding  rows  are 
Hhuwii  In  tbe  foreEniuiid.  Pliitx  were  aliw  fcrown  for  yield  teats  and  foi  ex- 
|)erinientR  with  dlfTereiit  times  and  rre<]iient-y  of  Irrigation.  The  rows  were 
6  feet  apart  aud  the  plauts  3  feet  tipart  lo  the  rows  Id  this  field. 

Plate  U.  Fig.  1. — A  plant  of  F^'ptlau  cotton  at  Yuma  in  1903,  grown  from 
seed  produced  by  plants  grown  the  year  previons  from  Imimrted  seed.  The 
llluBtrutlon  Hbowf  the  undesirable  sbaiie  and  rank  growth  of  the  unacrllnm- 
tlzed  plants  (the  shaft  of  the  auger  being  3}  feet  long) ;  also  the  compara- 
tively small  niimt>er  of  bolls  produced.  Fig.  2.— Slit  ABfl  Egyptian  cotton 
at  Yuma  In  liHIT.  showing  the  productlvenesB  and  satisfactory  oi>enlnK  of 
the  bolls  brought  about  by  six  years  of  acclluiatlzatlon  and  selection.  Ttie 
rl|)e  cotton  bangs  loose  In  the  fully  o|ien  bolls,  making  picking  much  easier 
than  was  the  tusi^  during  the  llrst  tbree  yearn  after  introduction  Into  the 
Southwest,  wlieii  the  bolls  oi)eDed  only  partially  and  the  cotton  had  to  he 
pulled  out  between  the  points  of  the  valvee. 

I'LATE  III.  Representative  plants  of  Mit  Allli  Egyirtinn  cotton  at  Yuma  In  1007, 
showing  the  greatly  reduced  size  and  Improved  shape  as  cami>ared  with  the 
plant  shown  In  Plate  II,  figure  1.  Tbe  plaut  with  a  bruDcb  nearly  as  long 
as  the  nuiin  stem,  shown  in  the  upper  figure.  Is  the  more  typical  one,  Tbe 
Iierfect  manner  In  which  the  bolls  opened  In  1007  Is  well  Bhown  In  the  lower 
figure. 

Plate  IV.  Open  (h,e)  and  unopened  {c,d)  bolls  aud  detached  Involucral 
bract  (a)  of  Mit  Afifi  cotton  ut  Yuma  In  1007,  natural  sixe.  Tbe  Illustra- 
tion shows  the  small,  pointed,  3-locked  bolls  characteristic  of  the  Egyptian 
tyi>e  of  cotton.  The  oi>eu  bolls  are  seen  both  from  above  (6)  and  from  the 
side  (c). 

Plate  V.  Conibed-out  seed  cotton  (natural  slife)  of  one  of  tbe  Individual  selec- 
tions of  Mit  AflQ  cotton  grown  at  Yuma,  Ariz.,  showing  Increased  length 
due  to  five  generations  of  selection.  A  Is  the  original  selection,  grown  in 
1003  from  secti  produced  the  year  before  from  Imported  seed,  and  Is  the 
progenitor  of  B,  which  was  produced  in  1007.  Owing  to  the  curling  of  the 
fibers  after  combing,  the  full  length,  which  was  Ij  Inches  In  A  and  \\ 
Inches  In  B,  is  not  Mhown.  The  Illustration  represents  the  average  dllTereiictt 
in  length  t>etween  the  forty  Individual  selections  made  In  1907  aud  tbeir 
progenitors  In  1003. 
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F)i3.  1.— Typical  Mit  Afifi  Cotton  Plant  Gbown  at  Vum*.  Ami.,  n 


Fio.  2— Another  Typical  Mit  Apifi  Cotton  Plant  Grown  a 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  AoRicuLTmiE, 

Bureau  of  Plant  Inddsthy, 

Office  of  the  Chief, 
Waakinffton,  D.  C,  April  10,  1908. 
Sir;  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 
technical  bulletin  entitled  "  Barium,  a  Cause  of  the  Ijoco-Weed  Dis- 
ease," prepared  by  Dr.  A.  C.  Crawford,  Pharmacologist,  under  the 
direction  of  Dr.  Rodney  H.  True,  Physiologist  in  Charge  of  Poison- 
ous-Plant Investigations,  and  to  recommend  that  it  be  published  as 
Bulletin  No.  Iii9  of  the  series  of  this  Bureau. 

For  many  years  the  stoirkmen  in  many  parts  of  the  AVest  have  re- 
ported disastrous  consequences  following  the  eating  of  so-called  loco 
weeds  characteristic  of  the  regions  involved.  While  many  have 
doubted  any  causal  relation  between  the  plants  in  question  and  the 
stock  losses,  the  reality  of  the  damage  has  remained  and  hns  seemed 
to  require  a  thoroughgoing  sifting  of  the  evidence  concerning  the 
part  played  by  the  plants.  Accordingly,  in  the  spring  of  1905  a 
station  for  the  experimental  study  of  the  problem  was  established 
at  Hugo,  Colo.,  in  charge  of  Dr.  C.  Dwight  Marsh,  Expert,  in 
cooperation  with  the  Colorado  Agricultural  Experiment  Station. 
Later  a  further  feeding  experiment  was  undertaken  at  Imperial, 
Nebr.,  in  cooperation  with  the  Nebraska  Agricultural  Experiment 
Station.  Parallel  with  the  feeding  work  in  the  field,  laboratory 
work,  designed  to  test  under  laboratory  conditions  the  poisonous 
action  of  the  plants  from  given  areas,  was  undertaken  at  Washing- 
ton by  Dr.  A.  C.  Crawford,  Pharmacologist.  A  further  phase  of 
his  part  of  the  work  was  an  attempt  to  ascertain  the  nature  of  such 
poisonous  substance  or  substances  as  might  occur  in  the  loco  plants. 

In  both  of  these  lines  of  work  Doctor  Crawford  has  been  successful, 
and  the  technical  results  of  his  work  are  here  collected. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wiuon, 

Secretary  of  Agriculture. 
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INTRODUCTORY  STATEMENT. 


A  scientific  understanding  of  the  so-called  locxj-weed  disease  has 
been  demanded  and  sought  after  for  several  decades  for  most  prac- 
tical purposes,  but,  in  spite  of  the  great  amount  of  attention  which 
this  problem  has  received,  no  general  agreement  has  been  found 
among  the  results  obtained.  The  field  investigations  have  given 
such  contradictory  evidence  that  until  the  Bureau  of  Plant  Industry 
of  the  Department  of  Agriculture  turned  its  attention  to  the  matter 
the  whole  subject  of  the  loco  disease  was  regarded  by  many  as  a  kind 
of  delusion  and  the  existence  of  a  distinct  entity  was  freely  doubted. 
Not  only  did  this  confusion  characterize  the  field  aspect  of  the 
matter,  but  the  situation  viewed  from  the  standpoint  of  laboratory 
study  was  also  much  obscured.  Some  investigators  claimed  to  have 
separated  poisonous  substances  of  various  sorts  from  the  loco  weeds, 
while  others  of  equal  scientific  standing  denied  the  presence  of  any 
poisonous  substance  in  the  plants  under  general  suspicion — the 
so-called  loco  weeds. 

In  view  of  the  great  seriousness  of  the  loco  situation  from  the 
standpoint  of  the  stock  interests,  an  active  campaign  both  in  the  line 
of  feeding  experiments  in  the  field  and  laboratory  study  at  Wash- 
ington was  undertaken  by  the  Office  of  Poisonous-Plant  Investiga- 
tions of  the  Bureau  of  Plant  Industry. 

The  feeding  experiments  carried  out  at  Hugo,  Colo.,  in  coopera- 
tion with  the  Colorado  Agricultural  Experiment  Station,  before  the 
close  of  the  first  season  developed  evidence  that  there  was  in  reality 
such  a  thing  as  a  loco  disease.  The  investigator  in  charge  was 
enabled  to  describe  the  disease  in  its  most  important  manifestations 
and  made  it  possible  to  sift  the  facts  from  the  large  number  of 
contradictory  statements  in  the  literature. 

"The  laboratory  work,  undertaken  and  carried  on  simultaneously, 
consisted  of  a  pharmacological  study,  under  laboratory  conditions  . 
and  with  the  usual  laboratory  subjects,  of  the  action  of  plant  mate- 
rial sent  in  from  the  field.  The  acute  phase  of  loco-weed  poisoning, 
as  well  as  a  more  prolonged  type  of  the  disease,  was  studied.  In  plants 
found  in  this  preliminary  feeding  to  be  harmful,  the  poisonous  prin- 
ciple was  sou^t,  with  the  very  striking  results  fully  described  in  this 
paper.  The  demonstration  of  the  presence  of  barium  in  the  plants 
was  followed  by  barium  feeding,  with  the  production  of  symptoms 
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which  agreed  with  those  produced  in  the  laboratory  with  loco 
extracts  and  in  the  field  experiments  with  the  loco  plants  as  seen 
growing  on  the  range.  By  comparing  these  laboratory  results  with 
those  produced  in  connection  with  the  field  work,  it  became  possible  to 
sift  the  wheat  from  the  chaff  in  the  mass  of  contradictory  evidence 
detailed  in  the  literature  of  this  subject. 

The  practical  importance  of  the  discovery  of  the  true  nature  of 
the  active  poisonous  principle  of  the  loco  weeds  is  very  great.  It  not 
only  sheds  light  on  the  loco  situation  and  enables  one  to  explain  many 
hitherto  inexplicable  things,  but  it  also  adds  much  to  our  knowledge 
of  barium  in  its  medical  bearings.  It  opens  up  most  important  prob- 
lems concerning  the  soils  and  the  relation  of  the  flora  to  them.  It 
should  be  borne  in  mind  that  although  barium  is  shown  to  be  chiefly 
responsible  for  the  poisonous  properties  of  loco  weeds  in  eastern 
Colorado,  it  is  entirely  possible  that  in  other  regions  other  substances 
may  be  equally  or  even  more  significant.  This  discovery  also  seems 
likely  to  provide  a  basis  for  a  rational  treatment  of  locoed  stock. 
Unfortunately,  the  discovery  of  the  fact  that  barium  is  the  poisonous 
constituent  of  loco  weeds  came  too  late  to  aid  in  the  search  for 
remedial  measures  on  the  range  during  the  period  covered  by  this 
report,  but  those  empirically  arrived  at  have  received  additional 
support  from  these  laboratory  results. 

Thus  the  work  in  field  and  laboratory,  undertaken  after  repeated 
attempts  and  discouraging  failures  by  others,  has  yielded  results 
to  persistent  scientific  research  and  promises  practical  aid  to  the  now 
suffering  live-stock  interests.  The  results  of  the  laboratory  work 
are  presented  in  this  bulletin. 

RoDKEY  H.  True, 

Physiologist  in  Charge. 
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BARIUM,  A  CAUSE  OF  THE  LOCO-WEED 
DISEASE. 


In  our  Western  States  there  is  a  marked  annual  loss  of  stock  due 
to  various  causes.  Some  of  these  animals  die  in  a  condition  known 
as  "  locoed,"  a  term  derived  from  the  Spanish  word  "  loco,"  meaning 
foolish  or  crazy. 

This  disorder  extends  from  Montana  to  Texas  and  Mexico,  and 
from  Kansas  and  Nebraska  to  Califomin." 

In  1898  the  United  States  Department  of  Agriculture  sent  out, 
under  the  immediate  direction  of  Mr.  V.  K.  Chesnut,  a  request  for 
information  concerning  the  ravages  of  the  loco  disease.  It  was 
found  that  in  the  ten  States  of  California,  Colorado,  Kansas,  Mon- 
tana, Nebraska,  New  Mexico,  North  Dakota,  Oklahoma,  Texas,  and 
Wyoming  the  loss  in  1898  was  $144,850.  Of  this  amount,  $117,300 
was  attributed  to  Colorado  alone;  in  fact,  the  disorder  spread  so 
that  this  State  expended  more  than  $200,000  in  two  years  and  over 
$425,000  in  a  period  of  nine  years  in  attempts  to  eradicate  the  loco 
plants,  the  supposed  cause  of  the  trouble.* 

The  loss  in  one  area  of  35  by  120  miles  in  southwestern  Kansas 
amounted  to  2.5,000  cattle  in  1883."  This  loss  in  stock  has  been  so 
great  that  the  raising  of  horses  has  of  necessity  been  abandoned  in 
certain  areas  on  account  of  the  prevalence  of  these  loco  weeds. 

It  is  difficult  to  obtain  accurate  data,  as  the  ranchmen  believe  that 
any  information  as  to  the  prevalence  of  the  disorder  would  interfere 
with  the  value  of  their  stock.** 

Dr.  James  Fletcher,  of  the  Central  Experimental  Farm,  Ottawa, 
Canada,  testified  before  the  Select   Standing  Committee  on  Agri- 

"Stfllker,  M.  TLe  "Loco"  Plant  and  Ita  Effect  on  Aninialn.  Biir.  .Vnininl 
Industry,  3d  Ann.  Kept.  (1886),  ]).  271.     1887. 

»Hur.  Aiilma]  IiidiiBlry,  (ftL  and  7tli  Ann.  Repfa.  (ISSft  and  1800),  il  272. 
1801. 

'  Day,  M.  G.  I>xw-\Veed.  lu  F.  I'.  Foster's  Reference-Book  of  Practical 
Theroi>eiitlc«,  vol.  1,  p.  587.    1896, 

*0'Brlne,  D.  Pro&reea  Bulletin  on  the  Ixwo  and  larkspur.  Ck>lo.  State 
Agrtc.  Coll.  Bui.  25,  p.  18.     1803. 
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culture  and  Colonization  that  he  had  never  seen  a  case  in  the  North- 
west of  a  Canadian  bred  animal  being  locoed,  although  the  loco 
plants  were  prevalent.  He  explained  this  absence  of  loco  disease 
by  the  abundance  of  grass  on  the  range,  because  of  which  the  animals 
do  not  acquire  the  habit  of  eating  loco  plants."  Cases  have  been 
reported,  however,  in  Manitoba.'' 

PLAHTS  ASSOCIATED  WITH  THE  LOCOED  CONDITION. 

The  condition  known  as  "  locoed  "  is  popularly  believed  to  be  due 
to  eating  various  plants,  especially  the  members  of  the  Astragalus 
and  Aragallus  genera  of  the  Leguminosse,  or  pea  family,  but 
particularly  to  Astragalus  TtioUisaimus  and  Aragallus  lamherti. 
These  plants  have  therefore  received  the  name  "  loco  plants," "  or 
crazy  weed.  But  others,  as  Astragalus  fnortoni,"  A.  homii,  A. 
lentiginosus,  A.  pattersoni,^  A.  nuttallianus,  A.  missouriensis,  A. 
lotifiorus,  A.  bisulcaivs,  A.  haydenianus,'  A.  tridactylicus,^  Crotala- 
ria  sagittalis,  Lotus  americanus^  Sophora  sericea,  CapHoides  aureuTn, 
Aragallus  deftexa,*  A.  campestris,'  A.  lagopus,"  Malvastmm.  cocci- 
neum,  Amaranthus  graecisans,  and  RhaTiinus  lanceolaia,  are  con- 
sidered by  some  as  loco  plants.'  In  other  places  Stipa  vaseyi,  Leu- 
cocrinum  montanum,  FritUlaria  pudica,  Zygadenus  elegojis,"  and 
even  species  of  Delphinium  are  considered  loco  plants,  so  widely  has 
this  name  been  used. 

In  Mexico  the  term  "  locoed  "  embraces  a  condition  due  to  the 
action  of  Cannabis  aativa  and  various  members  of  the  nightshade 
family.  This  term  has  been  much  abused  and  has  been  made  to 
embrace  many  groups  of  symptoms.    In  fact,  if  an  animal  dies  while 

"  Fletcbcr,  J.  Evidence  Before  the  Select  Standing  Committee  oq  Agrlculturf 
and  Colonization.    Oftanfl,  1005,  p.  53. 

'Fletcher,  J.    Experimental  Farms  Reports  for  1802,  p.  148.    1S03. 

=  Sayre,  L.  E.  I.oco  Weed.  Amer.  Vet.  Rev.,  vol.  11,  \>.  555.  1887.— Stalker, 
M.  The  "  Loco  "  Plant  and  Its  Effect  on  Animals.  Bnr.  Anlmnl  (nduetry,  3d 
Ann.  Report.   (1886).  p.  271,     1SS7. 

■I  Eastwood,  A.    The  Loco  Weeds.    Zoe.  vol,  3,  p.  63,    1892, 

"Chesnut,  V.  K,  Preliminary  Catalogue  of  Plants  Poisonous  to  Stock.  Bur. 
Animal  Industry,  iSth  Ann.  Kept.  (isns).  p.  104. 

'  Williams,  T.  A.  Some  Plants  Injurious  to  Stock.  S.  Dak.  Agric,  Coll.  and 
Exper.  Sta.  Bui.  33,  p.  21.    1893. 

f  GlvenB,  A.  J.    Loco  or  Crazy  Weed.    Med.  Century,  vol.  1,  p.  22.    1863. 

*  Eastwood,  A.,  1.  c.    1802. 

*  Sayre,  L.  B.    I»co  Weed.    Amer.  Vet.  Re\ .,  vol.  11,  p.  555.    1887. 
i  Amer.  Pharm.  Assoc.  Proc.  for  1879,  vol.  27,  p.  611.    1880. 

*  Kelsey,  F.  D.    Another  Loco  Plant.    Bot.  Gaz.,  vol.  14,  p.  20.    1888. 

'  Sayre,  L.  E,  T>oco  Weed.  Kans.  State  Board  Agrli?„  5th  Biean.  Rept., 
p.  20B.     1887. 

"■  Anderson,  F,  W.  Poisonous  Plants  and  the  Symptoms  Tbey  Produce.  Bot. 
Qaz.,  Tol.  14,  p.  180.  1880.— Pammel,  L.  H.  I»co  Weeds.  VU  Medtcatrlx, 
vol.  1,  p.  44.    1801. 
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showing  more  or  less  stupor  it  is  said  to  be  locoed."  The  early 
Spanish  settlers  seemed  to  be  unfamiliar  with  the  disease,  or  at  least 
of  any  causative  relation  between  the  plant  and  the  disease.  The 
Spanish  name  for  Astragalus  mollissimits  was  "  Garbanzillo,"  from 
its  resemblance  fo  Garbanzo  (deer  arietinum),  which  is  used  in 
Spain  us  a  food.''  Tlie  term  as  applied  to  this  condition  seems  to 
be  of  comparatively  recent  origin." 

A  somewhat  similar  condition  to  the  loco  in  stock  is  sometimes 
attributed  by  the  ranchmen  of  our  Western  States  to  eating  various 
sages.'*    In  Texas  the  loco  disease  is  known  as  "grass  staggers."" 

Hayes '  ha.s  described  a.s  follows  a  condition  known  as  grass  stag- 
gers, which  apparently  has  little  resemblance  lt>  loco  and  is  supposed 
to  be  dne  to  eating  overripe  grass,  especially  rye. 

Tbe  eymptoms,  generally,  take  two  or  tliree  days  to  become  developed.  The 
animal  ^Hdiially  beeumes  more  or  less  unt'onsclous  aitO  i»iraly»^  nud  stag- 
gers if  forced  to  walk.  Although  he  may  have  great  difficulty  In  keeping  on 
his  legs,  he  Is  extremely  averse  from  going  down  and  leans  for  support  against 
any  convenient  object.  He  breathes  tn  a  snoring  manner.  Tbe  mucous  mem- 
branes are  tinged  witb  yellow.    Convulsions,  or  siiasms,  like  tboae  of  tetanus. 

Recovery  may  be  exiiected  In  cases  wblcb  are  not  marked  by  extreme 
symptoms. 

If  animals  are  not  regularly  salted,  they  visit  salt  deposits  and  eat 
the  alkalis.  This  some  sheepmen  believe  to  be  the  cause  of  the  locoed 
condition,  but  this  is  disproved  by  the  occurrence  of  locoed  animals 
in  ranges  without  salt.  Others  modify  this  view  by  claiming  that 
the  vitiation  in  taste  from  eating  these  alkalis  leads  to  a  desire  for 
the  loco  weeds  and  thus  to  the  locoed  condition.' 

■  Stalker,  M.  The  "  I.oco "  I'lnnt  and  Its  EtTeet  ou  Animals.  Bur.  Animal 
Industry,  3d  Ann.  Kept.  (18S«),  p.  275.  1S87.— Anderson,  F.  W.  Poisonous 
Fliints  and  tbe  Symptoms  They  Produce.    Bot.  Giiz.,  vol.  U,  p.  180.    1888. 

Note. — The  symptoms  described  in  Jnnvler's  Interesting  story,  "  In  Old 
Meslco"  (Serlbner's  Magazine,  vol.  1,  p.  67,  18S7).  would  coincide  with  those 
due  to  some  member  of  the  nightshade  family  (probably  Datura  alranumium). 
See  also  Pilgrim,  C.  W.,  Does  the  I>oco  Weed  Produce  Insanity?  In  Proe.  Anier. 
Medlco-I'syeholog.  Assoc.,  vol,  5,  p.  167.    1898. 

'Kayre,  I..  E.  Loco  Weed.  Kans.  State  Board  Agric  Sth  Blenn.  Kept., 
p.  209.    1887. 

"Stalker,  M.  The  "Loco"  Plant  and  Its  Effect  on  Animals.  Bur.  Animal 
Industry,  3d  Ann.   Eept.    (1886),  p.  272.     1887. 

*  Mayo,  N.  S,    Loco.    The  Industrialist,  vol.  30,  p.  473.    1904. 

'  Science,  vol,  9,  p.  32.    1887. 

'  Hayes,  M.  H.  Veterinary  Notes  for  Horse  Owners,  Ixmdon,  1903,  p.  425. — 
Compare  Woronln,  M.  Ueber  die  Taumelgetrelde  In  SUd-Ussurlen,  Bot.  Zeit., 
vol.  49,  p.  80.    1891. 

fChesnut,  V.  K.,  and  Wilcox.  K  V.  Stock-Pol eonlng  Plants  of  Montana. 
TI.  S.  Dept.  Agric,  Dlv.  BoL,  Bui.  26,  p.  88.    1901. 

Note. — The  wide  distribution  of  these  plants  Is  claimed  to  be  partly  due 
to  the  bufCalo.     See  Blankinshlp,  J.  W.,  The  Loco  and  Some  Other  Poisonous 
Plants  in  Montana,  In  Mont  Agric.  Exper.  Sta.  Bnl.  45,  p.  70.    1903. 
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The  animals  usually  affected  are  sheep,  horses,  cattle,  muies," 
donkeys,"  and  goats.  It  is  claimed  that  practically  all  herbivorous 
animals  are  liable  to  the  disease,  even  antelopes  being  affected.'' 
Hogs  are  said  to  be  unaffected,""  but  definite  information  is  lacking. 
Cows  seem  to  be  less  sensitive  to  this  form  of  intoxication.*  The 
condition  is  usually  a  chronic  one,  although  acute  cases  are  said  to 
occur  at  times.  The  symptoms  consist  of  digestive  dii5turbances,  as- 
sociated with  emaciation  and  various  symptoms  suggesting  lesions 
in  the  nervous  system,  central  or  peripheral.  The  animals  lose  their 
appetite  from  the  first,  begin  to  emaciate,  and  show  symptoms  of 
malnutrition  and  starvation.  The  head  trembles,  the  gait  becomes 
feeble  and  uncertain,  the  eyes  become  sunken  and  have  a  "  flat,  glassy 
look."'  There  is  a  general  sluggishness,  muscular  incoordination, 
and  difficulty  in  motion;  finally  all  control  of  the  limbs  is  lost  and 
the  animal  is  unable  to  stand ;  the  coat  becomes  rough  and  loses  its 
luster,  and,  in  fact,  all  the  typical  symptoms  of  starvation  appear. 
In  some  cases  diarrhea  is  also  present. 

Ail  of  Nockolds's  animals,  however,  were  constipated  and  the 
stools  were  covered  with  mucus,"  The  dependent  portions  of  the 
body  may  swell,  simply  as  an  expression  of  the  anccmia.*  Sometimes 
there  are  symptoms  indicating  acute  pain,*  the  animals  running  about 
as  if  affected  with  colic  They  may  belch  and  their  abdomens  swell. 
Some  claim  that  the  animals  are  markedly  salivated  so  that  the  saliva 
trickles  from  their  mouths.  In  other  cases  the  mouth  may  be  dry.* 
The  eyes  may  be  rolled  up  so  that  the  whites  alone  show.  In 
some  cases  the  pupil  has  been  noted  to  be  dilated,  as  in  atropine 

"KlDKfller.  li.  y.  The  Tmco  Dant.  Dantet'R  Texas  Medical  Journal,  vol.  3, 
p.  522.     188S. 

''S<'liwnrt!:kopff,  O.  Tlie  Effects  of  "  I»co-Weed."  Ainer.  Vet.  Ilev„  roi.  12, 
p.  102.    1888. 

"  HcCiillnuBh,  F.  A.  Ijocoed  Ilorees.  Journ.  Comp.  Med.  &  Vet  Archh'es, 
vol.  13,  p.  43fl.     1882. 

'  Eastwood,  A.    Tbe  Ijocn  Weeds.    Zoe,  vol.  .S,  p.  57.    18112. 

■^  \'nsey,  <!,  Plants  PolsonoiiH  to  Cattlp  In  California.  Report  of  Coninils- 
Bloner  of  Agriculture  for  1«74,  i>.  IGfl.    1875. 

'  Vases,  C"  '■  C  !>■  151>. 

"  NocholdB,  ('.  I'oisoDing  by  Ijoco  Weed.  Amer.  Vet.  Rev^  vol.  20,  p.  570. 
1806-7. 

*rattersoii.  A,  H.    Starvation  (Edema.    Med.  Rev.,  vol.  56.  p.  715,  189&. 

*  A'asey,  G.  Botanical  Notes,  Mouthlf  Keiiorts  of  Dept.  Agriculture  (or  1873, 
p.  504.     1874. 

I  Anderson,  F.  W.    PoIsodoiih  Plants  and  the  SyoiptomB  They  Produce.    Bot. 
Gaz..  vol.  14,  p.  180.     1880. 
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poisoning,'  but  Wilcox  states  that  they  are  contracted  as  after  the 
use  of  eserine.''  The  temperature  of  the  animal  fallfi  from  ^  degree 
io  IJ  degrees  F.  below  normal."  Tetanic  symptoms  may  occur,'*  or 
the  muscles  of  the  mouth  and  tongue  becoming  paralyzed  may  inter- 
fere with  mastication.  When  water  is  offered  to  the  animal,  it  gazes 
stupidly  at  it  and  may  not  drink  for  days.  One  of  the  symptma-j 
noted  is  the  loss  of  power  to  back  properly.'  Cows  during  Hke  first 
two  or  three  months  of  gestation  are  almost  sure  to  abort'  This  is 
claimed  by  Knowles,  however,  to  be  due  to  malnutrition.  As  a  result 
of  these  observations,  suggesting  some  uterine  action,  the  drug  has 
been  proposed  as  an  emmenagogue." 

The  psychical  symptoms  are  shown  by  errors  of  judgment.  The 
animal  becomes  dull  -and  spiritless  and  wanders  about  half  dazed. 
The  mental  dullness  passes  into  stupor.  This  dull,  stupid  condition 
has  been  compared  to  intoxication  with  opium.  If  the  locoed  horse 
is  led  across  a  stick  lying  on  the  ground  he  often  jumps  high  as  if  it 
were  a  great  obstacle.  The  animal  may  now  have  maniacal  attacks, 
during  which  he  rears  and  may  fall  backward,*  and  makes  un- 
reasonable jumps  and  other  unexpected  movements,  thus  rendering 
himself  dangerous  to  man,*  Other  symptoms  due  to  disturbances  of 
the  central  nervous  system  are  hallucinations  of  various  sorts. 
Though  the  optic  nerve  itself  is  apparently  not  affected,  the  animal 
will  stare  at  an  object  for  a  long  time  without  any  apparent  compre- 
hension of  its  nature.  This  disturbance  in  the  visual  function  Mc- 
Cullaugh  claims  to  be  one  of  the  first  symptoms  of  this  disease. 
The  animal  seems  to  lose  all  idea  of  distance,  as  he  will  butt  against 
an  obstruction  as  if  oblivious  of  its  presence.  Any  sudden  or  violent 
motion  made  before  him  may  cause  him  to  fall.     According  to  some, 

"  Schwartzkopff,  O.  The  Effects  of  "  Loco-Weed."  Amer.  Vet.  Bev,  vol.  12, 
p.  161.     1888. 

"  Wilcox,  T.  K.  Treatment  of  "  Loco  "  Poisoning  In  Idaho  Territory.  Med. 
Bee.,  vol.  31,  p.  268.    1887. 

'  Mayo,  N.  K.  Some  Observations  Upon  Loco.  Kans,  State  Agtic  Coll.  Bui. 
35,  p.  118.    18»3. 

^McCiilliiuKli,  F.  A.  Locoed  Horses.  Joum.  Comp.  Med.  and  Vet  Archives, 
vol.  13,  p.  436.    1802. 

'O'Brlne,  D.  Progress  Bulletin  on  the  Loco  and  Larkspur.  Colo.  State 
Agrlc.  Coll.  Bnl.  25,  p.  12.    18»3. 

'  Knowles,  M.  E.  Loco  Polsonlnit.  Breeders'  Gaz.,  vol.  39,  p.  973.  1901.— 
Soyre,  E<.  E.  Loco  Weed.  Knns.  State  Board  of  Agrlc,  Sth  Blcnn.  Kept.,  p.  211. 
1887.— Ruedi,  C.    r»eo  Weed.    Trans.  Colo.  State  Med.  Soc.,  p.  422.    1895. 

'  MUler.O.  H.  The  Loon  Weed :  Its  Probable  Usefulness  as  an  Emmenagogue. 
Southern  Clinic,  vol.  11,  p.  209.    1S88. 

*  Vasey,  G.  Botanical  Notes.  Monthly  Reports  of  Dept.  Agriculture  for  1873, 
p.  504.     1874. 

'  Parker.  W.  T.    The  Loco- Weed.    Science,  vol.  23,  p.  101.    1894. 
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the  animal  loses  the  sease  which  guides  him  in  finding  water.  A 
cow  may  fail  to  recognize  her  calf."  There  is  more  or  less  loss  of 
control  of  the  limbs*  and  tremors;"  the  feet  are  lifted  abnormally, 
hi^  when  trotting,  and,  if  crowded,  the  animal  falls  headlong  and 
will  jump  over  little  hollows  as  if  they  were  wide  ditches.*  The 
horse  may  sliy  without  ai>parent  cause  and  kick  at  imaginary  objects,* 
and,  in  fact,  the  reasoning  powers  seem  to  be  lost.  These  attacks 
are  brought  on  by  sudden  excitement  or  when  crossing  water/  There 
may  be  cutaneous  hypenesthesia. 

The  animals  may  remain  with  the  herd,  but  they  often  wander 
away.     Stalker  records  the  following  observations; 

I  have  seen  fl  single  anltunl  miles  away  from  any  other  Individual  of  the  heril, 
carerully  searching  as  if  for  some  lost  object,  and  when  a  loco  plant  Is  found 
he  would  devour  every  morsel  of  it  with  the  greatest  relish.  As  soon  as  oue 
plant  was  eatoi  be  would  Immediately  i^  In  search  of  more,  apparently 
oblivious  to  everything  but  the  Intoxication  afforded  by  bis  one  favorite  article 
of  food.i' 

All  of  Nockolds^s  animals  wliich  were  locoed  were  mares  more  than 
6  years  of  age.* 

According  to  Stalker  there  is  a  passive  type  in  whicli  the  animni 
shows  .symptoms  only  on  being  disturbed;  the  animal  then  beconK^s 
unmanageable.  This  happens  even  with  old,  well-broken  saddle 
horses.' 

There  are  few  published  reports  as  to  the  symptoms  occurring  in 
sheep  which  are  locoed.  Stalker '  says  sheep  "  become  loco-eaters, 
grow  stupid,  emaciated,  and  eventually  die."  One  of  the  few  de- 
scriptions of  the  symptoms  is  that  of  Kuedi,*  in  which  he  claims  that 

'  Vasey,  G.  Botanical  Notes.  Monthly  Reports  of  Dept.  Agriculture  for  1^4, 
p.  513.    1875. 

*  Anderson,  V.  W.  PolRonous  Plants  and  the  Symptoms  They  Prodncei  Bot. 
flaz.,  vol.  14,  p.  ISO.     188!>. 

"  Sayre,  1-  E.    Ixk-o  Weed.    Proc.  Amer.  Pharm.  Assoc.,  vol.  36,  p.  IJl.    1SS8. 

'•Xotrkolda,  C.  I'olsoiiing  by  r»co  Weed,  Amer.  Vet  Rev.,  vol.  20,  p.  570. 
1806-7. 

'  Knowles,  M.  E.    I»co  Poisoning.    Breeders"  Gaa,,  vol.  30,  p.  072.    1901, 

'  Vasey,  O.  Botanical  Notes.  Monthly  Reports  of  Dept  AKricoltnre  for  1S7S, 
p.  ri».     1874. 

cRtnlker,  M,  The  "I^wo"  Plant  and  Its  Effect  on  Animals.  Bnr.  Animal 
Industry,  ."id  Ann.  Bept  (18WJ),  r'.  272.  1887.— Nockolds,  C.  Poisoning  I\v 
Ix>co  Weed.  Amer.  ^'et.  Bev.,  vol.  20,  p.  570.  18f)6-7.— Malsch.  J.  M.  PolsoD- 
one  Si>ecles  of  ABtragnliis.    Amer.  Joum.  Pharm.,  vol.  51,  p.  230,    1879. 

*  NockoklB,  C.  Poisoning  by  Loco  Weed.  Amer.  Vet.  Rev.,  vol.  20,  p,  570. 
lSn6-7. 

'  Stalker,  M.,  1.  c,  p.  273. 
I  Stalker,  M..  1.  c,  p.  274. 

*Knedl,  O.  1/wo  Weed  (Astragalus  MolMssimus)  :  A  Toxlco-Themlcal  Rtudy. 
TrniiB.  Colo.  State  Med.  Soc,  1805,  p.  417. 
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the  symptoms  in  sheep  are  those  comparable  to  the  symptoms  of 
cerebro-spinal  meningitis  except  that  there  is  an  absence  of  fever. 
Buedi  speaks  of  sheep  "  lying  flat  on  the  ground,  not  able  to  stand, 
and  not  able  even  to  lift  their  heads  to  drink  the  offered  water; 
the  head  and  the  vertebra  in  opisthotonus  position;  the  four  legs 
stretched  out  and  stiff;  breathing  was  stertorous,  pulse  slow,  abdo- 
men much  distended,  diarrhea  present.  •  •  •  The  heart  *  •  • 
was  very  slow  and  insufficient."  The  teeth  {in  sheep)  may  blacken 
and  fall  out." 

It  is  mainly  the  young  animals,  such  as  lambs  and  colts,  that  are 
affected,  probably  due  to  the  fact  that  their  attention  is  more  easily 
directed  to  the  flower  of  the  loco^  plants.  It  is  claimed  (on  slight 
evidence)  that  men  have  become  locoed.  The  symptoms  in  them  are 
nauRea  and  headache." 

Schuchardf  has  called  attention  to  the  resemblance  of  the  symp- 
toms in  locoed  animals  to  those  which  occur  in  so-called  lathyrism, 
but  most  observers  in  this  country  have  especially  marked  the  resem- 
blance of  the  symptoms  to  those  induced  by  the  habitual  use  of  nar- 
cotic drugs," 

As  a  rule  the  loco  plants  are  refused  by  animals  save  when  there  is 
lack  of  other  fixjd,  although  at  times  animals  have  shown  the  keenest 
relish  for  these  plants,  rejected  all  other  forage,  and  devoted  their 
whole  attention  to  searching  for  the  lo<'0  plants,' 

Stalker  says  that  animals  not  too  long  addicted  to  the  use  of  these 
plants,  if  confined,  soon  lose  their  taste  for  them  (after  two  or  three 
months),'  although  old  loco  eaters  do  not  readily  lose  the  habit. 
Stalker  also  says  that  "  it  is  to  be  presumed  that  the  plant  is  possessed 

■Blanklnship,  J.  W.  I»co  nnd  .'ionie  Otber  Poisonous  Plants  In  Montana. 
Mont.  ArtIc.  EKper.  Sta.  Bui.  iH.  v-  81.    lf)03. 

»  BlankinshilK  J.  W„  1.  C. 

"Day,  M.  G.  Loco- Weed.  In  F.  P.  Foster's  Iteferenoe  Rook  of  Priictlcnl 
Therapeutics,  vol.  1, 1).  BSa  IWe.— PllKrlm,  C.  W.  IJoes  the  T»ro-\V«^l  Produce 
Insanity?     Proc.  Amer.  Medlco-PsycholoK.  Assoc.,  toI.  5,  p.  187.     1WI8. 

''  Scbucliardt,  B.  Die  T»co-Krankhett  der  Pfcrde  und  des  RIndvlchs, 
Deutsch.  Zelts.  t.  ThlermeC.,  vol.  18,  p.  405.  1892. — Parker,  W,  T.  Loco-Weed. 
Science,  vol.  23,  p.  101.    1804. 

"McCullaiiKh,  F.  A.    Locoed  Horaee.    Journ.  Comp.  Med.  and  Vet  Archives, 

vol.  13.  p.  435.   isre. 

f  Stalker.  M.  The  "  Ijoeo  "  Plant  and  Its  Effect  on  ADlmals.  Bur.  Animal 
Industry,  3d  Ann.  Rept.  (188«),  p.  272.    1887. 

'Stalker.  M.  The  "Ijoco"  Plant  and  Its  Effect  on  Animals.  Bnr.  Animal 
Industry,  3d  Ann.  Rept.  (1886),  p.  272.  1887.— See  also  Llnfleld,  P.  B.  Sheep 
Feedlnfc,  In  Mont.  Agrlc.  Coll.  Exper.  Stn.  Bui.,  m.  liXKi.— Special  Report  on 
niseasefl  of  Cattle.  Bur,  Animal  Industry.  liKM,  p.  Ofi.— Wilcox.  E.  V.  Plant 
Poisoning  of  Stock  In  Montana.  Bur.  Animal  Industry,  17th  Aon.  Kept.,  p.  115. 
1800. 
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of  some  toxic  property  that  has  a  specific  effect  on  the  nervous  centers, 
and  that  these  effects  have  a  marked  tendency  to  remain  permanent,"  " 
The  fundamental  character  of  the  disorder  seems  to  be  a  progress- 
ing antemia.  The  interpretation  of  psychical  symptoms  in  herbivorw. 
and  especially  on  the  range,  must  often  be  fallacious. 

CONDITIONS  SIHILAB  TO  LOCO-WEED  POISONING  IN  OTHEB  FASTS 
OF  THE  WORLD. 

According  to  Maiden '  a  condition  .similar  to  loco'  is  met  with 
among  animals  in  Australia  and  is  there  believed  to  be  due  to  eating 
various  species  of  Swainsona.'  As  Maiden  says,  "  Its  effect  on  sbeej* 
is  well  known ;  they  separate  from  the  flock,  wander  about  listlessly, 
and  are  known  to  the  shepherds  as  '  pea-eaters '  or  '  indigo-eaters.' 
When  once  a  sheep  takes  to  eating  this  plant  it  seldom  or  never 
fattens,  and  may  be  said  to  be  lost  to  its  owner."  Horses,  after  eating 
this  herb,  "  were  exceptionally  difficult  to  catch,  and  it  was  observed 
how  strange  they  appeared.  Their  eyes  were  staring  out  of  their 
heads  and  they  were  prancing  against  trees  and  stumps.  The  second 
day  two  out  of  nine  died,  and  five  others  had  to  be  left  at  the  camp." 

Martin'  experimentally  studied  these  cases  of  intoxication  and 
sums  up  his  work  as  follows: 

1.  That  one  cnn  by  feeding  nbeep  upon  DarHtitt  imi  reiirodiK'e  nil  tlie  Mriiii>- 
tome  wbich  are  attriliuted  by  imBtorallstB  to  thin  cniise.  BHofly  atnted  thpsc 
Rym|)toms  are :  Stupidity,  loss  of  alertnosii  and  an  iiii^nlzed  fxpresslon,  followet] 
hy  stiffneaa  and  alight  Bta^f;erlng  and  frequently  trembling  of  the  head  or 
limbs.'  I^ter.  cIiimBlneSB  and  uuBteadltieBB  eneuo.  which  Bluwly  iidvanc'e  tiDtii 
the  animal  often  falls  down.  In  this  stage,  the  action  of  the  animal  in  runalng 
over  small  obstacles  1b  characteristic.  It  jumjis  over  a  twig  aa  If  It  were  a  foot 
In  tieigbt.  When  Srat  It  commences  to  tumble  alKiut,  it  1b  able  more  or  less 
readily  to  regain  Its  feet,  but  in  the  advanced  stage  of  the  disease  this  Is  Im- 
possible and,  after  exhausting  Itself  Id  effort  to  do  so.  it  remaluB  lying  down 
until  It  dies.  During  the  whole  time  the  sheep  become  progressively  more 
bloodless,  and  In  advanced  cases  tbe  blood  when  shed  appears  to  the  naked  eye 
lighter  In  color.  It  contains  fewer  red  blood-cells  {about  two-thirds  to  one- 
half  the  usual  number).  (The  corpuscles  were  estimated  In  several  cases  by 
means  of  a  hfemocytometer.)  All  these  symptoms  are  mucb  aggravated  by 
driving;.  Thus,  an  animal  In  which  the  symptoms  are  little  marlced  may  exhibit 
them  in  a  striking  degree  after  being  driven.    In  addition  to  tbe  above  the  teeth 

"  Stalker.  M.,  I.  c,  p.  275. 

^Maiden,  J.  H.  Plants  Reputed  to  be  Poisonous  to  fitock  In  Austroiin. 
Dept.  Agrlc,  New  South  Wales,  Misc.  Pub,  No.  477,  pp.  IB,  16.     1901. 

'  Notes  on  Some  American  and  Australian  Plants  Injurious  to  Stock. 
Agric,  Gaz.,  New  South  Wales,  vol.  4,  p.  677.  1894.— Notes  on  Weeds,  llie 
Darling  Pea.     Agric.  Gaa.,  New  South  Wales,  vol,  3,  p.  330.     1893. 

<<  Martin,  C.  J.  Beiwrt  on  an  Investigation  into  the  Effects  of  Darling  r«i 
(Swainsona  Galeglfolla)  upon  Sheep.    Agrlc.  Gaz.,  New  South  Wales,  voL  8,  i>. 
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(especially  In  yonng  Bbeep)  frequently  become  loose,  and  coDeeqnently  displaced 
or  eveu  dislodged. 

2.  Tbat  tbe  time  wblch  elapses  before  the  onset  of  deflnlte  symptomH  Is  three 
to  four  weeks  In  sbeep  of  2  to  3  years  old.  (It  Is  probable,  however,  tbnt  witb 
younger  animals  the  time  Is  shorter.) 

3.  That  under  the  conditions  of  the  experiment,  tbe  animals  survived  about 
three  months.  They  lived,  however,  an  Invalid's  life.  EverythEnK  was  broiiKbt 
to  them,  and  It  Is  Improbable  that  If  feeding  exclusively  upon  the  [lea,  and  left 
to  shift  for  themselves  In  tbe  paddocks,  they  would  survive  more  than  two 
months. 

4.  That  If  a  sheep  be  returned  to  proper  fodder  after  one  month  to  six  weeks 
feeding  upon  tbe  pea,  and  before  the  symptoms  are  fully  established,  it  may 
recover  completely. 

5.  Tbat  vfbea  once  tbe  paralytic  symptoms  are  established  It  will  not  recover; 
but  If  returned  to  proi)er  food,  will  remain  in  much  tbe  same  condition,  be- 
coming neither  better  nor  worse. 

6.  That  Darling  |)ea  contains  a  very  fair  amount  of  nourishing  material  bo 
tbat  animals  may,  provided  they  eat  It  readily,  retain  their  condition  on  it  for 
some  weeks,  until  tbe  poisonous  principle  contained  has  bad  time  to  exert  its 
effecta 

These  plants,  if  fed  with  other  herbage,  do  not  seem  to  be  injurious 
and  apparently  lose  their  harmful  action  upon  being  cultivated."  As 
long  as  salt  is  properly  fed  the  animals  will  not  eat  thin  plant "  and 
are  said  to  suffer  no  effects  from  it.  Physiological  study  has  shown 
the  presence  of  a  body  with  marked  sudorific  power  which  causes 
rapid  emaciation  in  frogs." 

It  has  been  claimed  that  these  symptoms  are  due  to  the  presence 
of  a  narcotic  poison  in  the  plant.''  Post-mortem  examinations  were 
negative  save  for  the  presence  of  a  peripheral  neuritis." 

"Woolls,  W.  On  tbe  Forage-Plants  Indigenous  in  New  South  Wales.  Linn, 
aoc..  New  South  Wales,  Proc.,  vol.  7.  pi>.  315-31C.    1882. 

^Guthrie,  F.  B.,  and  Turner,  F.  Supposed  Poisonous  Plant.  Agrlc.  Gaz., 
New  South  Wales,  vol.  4.  p.  86.    1804. 

'  Bailey,  F.  KI.,  and  Gordon,  P.  R.  Plants  Reputed  Polsonoua  and  Injurious 
to  Stock,  Brisbane,  1887,  p.  25. 

'Guthrie,  F.  B.,  and  Turner,  F.  Supposed  Poisonous  Plant.  Agrlc.  Gaz., 
New  South  Wales,  vol.  4,  p.  87.    18f>4. 

■  Martin,  C.  J.  Report  on  tbe  Investigation  into  the  EffectB  of  Darling  Pea 
(Swainsona  Galeglfolla)  upon  Sbee|).  Agrlc.  Giiz.,  New  South  WalPR,  vol.  S. 
p.  367.  1898.  (Further  literature  on  tbe  Indigo  disease  will  be  found  In 
Bailey,  F.  M.,  and  Gordon,  P.  R.  Plants  Reputed  Poisonous  and  Injurious  to 
Stock,  Brisbane,  1887,  p.  25). 

Note. — In  Canada  a  chronic  disease  asHoclated  with  cirrhosis  of  the  liver 
results  from  eating  ragwort,  or  Brnccio  jacobara.  See  Dept.  of  Agriculture, 
Canada,  Rept.  of  Veterinary  Director  General,  11)05,  Ottawa,  1906,  p.  31. — In 
South  Africa  a  disorder  known  as  nenta  appears  In  goats  after  eating  certain 
plants,  especinlly  Cotyledon  vcntrioxa.  See  Hutcbeon,  D.,  Nenta,  In  Agrlc. 
Joum.  Cape  of  Good  Hope,  vol.  14,  p.  882.  1899. 
44194— Bull.  129—08 2 
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The  pathological  features  as  described  by  previous  writers  are  a 
softening  and  ulceration  of  the  stomach  walls  '  and  a  degeneration  of 
the  walls  of  the  intestines  with  or  without  perforations.  The  peri- 
toneum may  be  found  inflamed."  The  peritoneum  and  omentum  in 
one  case  (cow),  reported  by  Sayre,  were  covered  with  small  nodules. 
These  were  probably  tubercular  in  origin.  The  colon  in  one  horse 
was  found  enormously  distended,  while  the  ccecum  and  small  intes- 
tines were  normal,"  save  that  the  walls  appeared  thin. 

Ulcers  have  been  found  at  times  in  the  kidneys,  but  were  probably 
secondary  in  origin,  as  other  cases  are  reported  with  normal  kidneys. 
Faville  has  found  in  some  cases  amyloid  degeneration.  The  pancreas 
and  spleen  are  reported  normal.  The  abdominal  cavity  may  contain 
a  slight  effusion."  The  liver  has  been  found  cirrhotic,  and  at  times 
shows  tubercular  lesions  of  a  secondary  nature.  The  inner  coat  of  the 
bladder  has  been  found  softened,  and  in  sheep  the  bladder  may  be 
markedly  distended  at  the  autopsy.  The  cerebral  membranes  are 
congested  and  perhaps  adherent,"  and  there  may  be  blood  clots  over 
the  longitudinal  sinus  or  at  the  base  of  the  brain.  Effusions  have 
been  especially  noted  around  the  medulla.  The  arachnoid  has  also 
shown  slight  congestion,  and  in  other  cases  the  membranes  showed  a 
slight  thickening.  The  middle  ventricle  was  found  filled  with  yellow 
serum,  while  the  fourth  ventricle  contained  a  hemorrhagic  effusion,' 
and  the  base  of  the  brain  was  covered  by  a  clot.  The  hemorrhage 
may  become  organized  and  the  brain  be  held  to  the  membranes  by 
tough  organized  fibers.  In  many  cases  serous  effusion  is  present  in 
the  lateral  ventricles.  The  arachnoid  space  is  also  in  some  cases  simi- 
larly filled.  Microscopic  examination  of  the  brain  in  the  case  of  a 
steer  showed  atrophy  of  Purkinjie's  cells.;' 

In  sheep  the  post-mortem  examination  sliowed  paleness,  aneemia 
of  the  muscles,  and  great  distention  of  the  abdomen.     The  intestines 

"Antlersoii,  1-'.  W.  Poisonous  Plaute  aod  tbe  Symptoms  Tbey  Produce.  BoL 
Gaz.,  VOL  14,  p.  180.     1889. 

'  Sayre,  L.  E.    Loco  Weed.    Amer.  Vet.  Kev.,  vol.  11,  p.  558.    1887. 

''O'Brlne,  D.  Pro!:ri>ss  Bulletin  on  tbe  Loco  and  larkspur.  Colo.  State 
Agrlc.  Coll.  Bui.  25.  p.  12.    1893. 

'  Faville,  In  O'Brlne,  D.  Progress  Bulletin  on  the  Loco  and  Larkspur.  Colo. 
State  Agrlc.  Coll.  Bui.  25,  p.  11.    1803. 

'  Sayre,  L.  E.    Loco  Weed.    Amer.  Vet.  Bev„  vol.  11,  p.  559.    1887. 

'  Stalker,  M.  The  "  Loco  "  Plant  and  Its  Effect  ou  Aniniale.  Bur.  Animal 
Industry.  3cl  Ann.  Kept.  (1886),  p.  274.  1887.— Sayre.  L.  B.  Loco-Weed. 
Amer.  Pbarm.  Assoc.  Proc.,  vol.  38,  p.  108.  1890.— O'Brlne,  D.  Progress  Bnlle- 
tln  on  tbe  Loco  and  Larkspur.  Colo.  State  Agrlc.  Coll.  Bui.  25,  pp.  16.  17. 
1893. 

"Mayo,  N.  S.,  1.  c,  p.  11& 
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were  found  filled  with  gases,  and  the  mesenteric  blood  vessels  filled 
with  blood.  So  peritonitis,  or  ascites,  or  ecchymoses  in  the  mucous 
membianetj  were  noted  in  the  autopsies  made  on  sheep  by  Ituedi. 
The  liver  has  been  seen  eularged.  In  sheep  the  brain  was  anaemic. 
Microscopically  the  brain  showed  atrophy  and  the  Purkinjie's  cells 
disappeared  or  their  processes  atrophied.  In  these  sheep  the  brain 
was  so  anemic  that  the  distinction  between  the  gray  and  the  white 
matter  was  hard  to  define."  The  membranes  of  the  cord  have  been 
found  inflamed  and  adherent,  but  the  spinal  cord  was  usually  normal." 
In  some  cases,  however,  the  spinal  cord  has  been  found  softened  "  and 
cedematous.  The  arteries  of  the  limbs  were  gorged  with  blood,''  and 
at  the  same  time  there  was  a  collection  of  serum  in  the  abdominal 
cavity.  Death  is  thought  to  be  due  to  starvation.'  In  other  words, 
the  pathological  condition,  according  to  published  accounts,  shows 
little  that  is  characteristic  save  some  action  on  the  gastro- intestinal 
tract. 


During  the  western  immigration  of  1849  the  Indians  along  the  Mis- 
souri River  described  to  the  immigrants  a  plant  (Astragalna  nwllis- 
simug)  producing  death  in  horses  and  cattle,  which  was  preceded  by 
various  forms  of  excitement.' 

The  attention  of  the  United  States  Department  of  Agriculture  was 
first  called  to  the  toxic  action  of  the  loco  plants  in  1873,  when  speci- 
mens of  the  plants,  which  were  identified  as  Astragalus  homii  and  A. 
lentiginoaiia,^  were  sent  from  California  by  Mr.  O.  B.  Ormsby,  with 

"Ruedl,  C.  Ijooo  We«J  (Aatragaliia  MollltwimUB)  :  A  Toxlco-Chemleal  Study. 
Trans.  Colo.  State  Med.  Soc.,  1805.  p.  418. 

*  Suyre,  L.  E.    Loco  Weed.    Anier.  ^'et.  Rev.,  vol.  11,  p.  S50,    1887. 

"  O'Brlne.  D.  Progress  Bulletlu  on  the  Loco  and  Tjirkspur.  Colo.  State 
Agric.  Coll.  Bui.  25,  p.  12.  1803.— Klench,  J.  P.  Rattlewecd  or  Loco  Disease. 
Amer.  Vet  Rev.,  vol  12.  p.  398.     1888. 

*  Anderson,  V.  W.  I'oisonous  Plants  and  the  Symptoms  They  Produce.  Bot 
Gaz.,  vol.  14.  p.  180.     1880. 

*  ftlcCullaugh,  F.  A.  Locoed  Horses.  Joum.  Com|).  Med-  and  Vet  Archives, 
vol.  13.  p.  436.     1802. 

I  Storbe,  B.  F.  The  I»to  Weed.  Med.  Current,  vol.  8.  p.  iri5.  1802.— Kel- 
logg, A.  California  and  (.,'olorado  "  Loco  "  Polsonit.  Cal.  Acnd.  Set.  Vmv.  for 
1875,  vol.  e,  p.  3.    1876. 

XoTc— The  very  early  reports  of  these  loco  plants  were  purely  botanlral.  See 
Torrey,  J.,  Botany,  In  Eeport  od  the  I'olted  States  and  Mexican  Boundiiry  Sur- 
vey, by  W.  H.  Emory,  vol.  2,  p.  5«.  1850;  also  Botanicnl  Register,  liOndon,  vol. 
13,  pi.  10B4.  1827. 

'■Vasey.  (i.    Plants  Poisonous  to  Cattle  In   Callfomfa.    Rept.  of  Commls- 
alon«'  of  Agriculture  for  1874,  p.  159.    1875. 
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the  statement  that  they  were  poisonous  to  stock,  especially  to  horses 
Mrs.  J.  S.  ^\^ipple  also  corroborated  this  information.  The  botanLst 
of  the  Department,  Dr.  George  Vasey,"  published  a  note  and  re- 
quested further  information  concerning  the  plants.  These  not«s  were 
enlarged  by  a  similar  contribution  by  Dr.  P.  Moffat  on  Aragallus 
lamberti."  The  following  year  Vasey  reported  with  more  fullness, 
and  his  description  of  the  action  of  the  plants  is  substantially  what 
we  find  in  most  of  the  books  of  to-day. 

In  1876  Lemmon"  noted  that  AHraffoliis  mortoni  was  "a  deadly 
sheep  poison."  At  the  same  time  Rothrock,'*  botanist  of  the  Unite*! 
States  Geographical  Survey  under  Lieutenant  Wheeler,  described 
these  plants,  and  Kellogg,"  a  botanist  in  California,  reported  that 
Astragalus  vienziesii  was  causing  great  losses  in  horses,  sheep,  and 
cattle  and  claimed  that  the  stockmen  had  been  familiar  with  this 
disoider  for  at  least  ten  or  fifteen  years.  This  report  of  Kellogjr 
was  followed  by  that  of  Rothrock '  in  1877. 

In  1870  a  specimen  of  Aragalhix  lamherti  was  sent  from  Colorado 
to  Professor  Prescott,  of  the  University  of  Michigan,  under  the  name 
of  "crazy  weed,''  with  the  statement  tliat  it  was  poisonous  to  horses 
and  cattle  and  that,  white  the  Mexicans  often  used  it  in  making  beer, 
it  sometimes  caused  symptoms  in  men.  His  pupil,  Miss  Watson,  un- 
dertook a  study  of  its  chemical  properties.  She  failed  to  isolate  any 
pure  chemical  compound,  but  claimed  that  in  the  root  there  was  a 
body  giving  alkaloida)  reactions  and  that  there  was  also  a  resinous 
body  present.  Another  of  his  pupils,  W.  R.  Birdsall,  took  the  ground- 
up  root  himself  in  doses  of  20  grains  at  various  intervals  for  several 
days  and  later  40-grain  doses  in  one  and  a  half  hours,  but  without 
experiencing  any  marked  symptoms  except  colicky  pains.  A  kitten 
also  was  given  about  one  and  a  half  ounces  of  the  fluid  extract  without 
effect.  Prescott'  sums  up  by  saying  that  "it  would  seem  that  the 
dried  ground  root  possesses  no  poisonous  properties."  The  work  of 
Miss  Watson  was  considered  of  sufficient  importance  to  be  abstracted 

°  ^'nsey.  (i.  Botaulcal  Xotea.  Monthly  Reports  of  Dept.  Agriculture  for 
3873,  p.  503.     1874. 

*  \'asey,  U.  Bulanlcal  Notea.  Monthly  Reports  of  Dept.  Agriculture  for 
1874,  p.  51.S.    1875. 

'  Brewer,  W.  H.,  and  Wntson,  S,  GeoloRlcal  Survey  of  California,  Botany, 
vol.  1,  i>.  l.^-i.    18T(i. 

'  Rothrock.  J.  T.  Notes  on  Economic  Botany,  In  G.  M.  Wheeler's  Report  upon 
I'.  S.  (JeogTHphicnl  Surveys  West  of  the  One  Hundredth  Meridian,  vol.  «,  p.  43. 
lS7fi. 

'  Keltugx.  A.  pHllfomlH  and  TolorHdo  Loco  Polsone.  Cal,  Academy  of 
ScIeni-eH,  lYoc,.  1ST5.  vol.  «,  p.  3.     187«. 

'  Rothrock.  J.  T.  rfilaoiiouH  I'ro[)erllesi  of  the  Legunilnosie.  Acad,  of  Nat. 
Scl.,  Phlla..  Proc..  vol.  2n,  p.  274.    IfiTT. 

c  Prescott,  A.  B.  laboratory  Notes— A  Partial  AnalyelB  of  the  Oxytropls 
Lamberti.    Amer.  Joum.  Pharm.,  vol.  50,  p.  5ft4.    1878,  ^  ~  , 
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in  the  Annual  Report  of  the  Commissioner  of  Agriculture  for  1878 
(1879),  page  la*. 

Gradually  the  Department  of  Agriculture  became  more  and  more 
interested  in  this  subject,  and  Peter  Collier,  chief  chemist,  in  1878, 
examined  the  roots  and  leaves  of  Aragallus  lamberti  for  alkaloids, 
but  found  none." 

In  1880  Peter  Collier  published  a  proximate  analysis  of  Astragalus 
molliaaimus  made  by  Francis  A,  Wentz,  of  Kansas.  His  investiga- 
tions showed  it  to  have  an  ash  content  of  6.76  per  cent,  while  the 
AragalluB  lamberti,  analyzed  by  L.  F.  Dyrenforth,  of  Chicago, 
showed  an  ash  content  of  4.32  per  cent.    Collier '  sums  up  by  saying : 

From  the  Btldltlnoal  work  done  nt  this  Department  it  Bceins  i>robab1e  tbat  tbe 
deleterJouB  effecta  observed  from  animaln  t>atliig  tliia  ]ilniit  may  be  due  iirlncl- 
jially  to  the  fact  that  the  Rwe^-t  taatp  cuuBea  cnttle  to  reject  more  nutritious 
fiKMl  and  strive  to  atihslHt  u]Hm  thi>  Oxytroplti  only.  This  ]i]ant  ia  mechanically 
a  very  nntit  substance  for  food,  being  of  a  tough,  flbroitx.  and  InLllgeBtlble 
character.  It  IB  [Kisalble  that,  when  the  animal  becomeH  nomewliat  enfeebled 
by  lack  of  proper  nourishment,  the  small  amount  of  iilkalold  may  have  a  direct 
polHonoUB  action.  Again,  it  seems  probable  that  the  plant  may  contain  much 
larger  proportions  of  alkaloid  at  certain  stages  In  its  development  tlian  at  others, 
or  the  seeds  may  prove  to  be  the  most  Injurious  portion. 

The  departmental  work  was  continued  by  further  short  notices  by 
Vasey "  in  1884,  1886,  and  1887,  and  by  the  report  of  Stalker  in  1887. 
This  report  by  Stalker  is  still  the  best  description  on  the  clinical  side 
of  the  que.stion. 

Rothrock,*  meeting  the  loco  plajits  in  his  survey  work,  describes 
their  effects  on  animals  as  follows: 

Certain  It  Is,  however,  that,  once  commenced,  they  continue  It,  passing  through 
tem[>orary  intoiicatlon  to  a  complete  nervous  and  muscular  wreck  in  the  later 
stages,  when  It  bus  develoi>ed  Into  a  fully  marked  disease  which  terminates  in 
death  from  starvation  or  inability  to  digest  a  more  nourishing  food.  The  animal 
toward  the  last  becomes  stupid  or  wild,  or  even  vicious,  or,  again,  acting  as 
though  attacked  with  "  blind  staggers," 

Under  the  name  of  Crotalaria,  II.  Gibbons,'  in  1879,  refers  to  a 
plant  growing  in  California  which  it  was  claimed  was  producing 
characteristic  symptoms  of  poisoning  in  horses  and  sheep.  This 
plant  Profes-sor  Maisch  afterwards  identified  as  Aragallug  lamherti. 

o  Rept.  of  CommiRsioner  of  Agriculture  for  1S78,  p.  134.    1K7». 

•  Reiit.  of  Commissioner  of  Agriculture  for  ]87»,  pp.  80,  iXl.    1S80. 

"  Ilept.  of  Commissioner  of  Agriculture  tor  1IS8C.  p.  75,  1887.  Rept  of  Com- 
missioner of  Agriculture  for  1884,  p.  323.    1884. 

'  Uothrock.  J.  T.  Notes  on  Economic  Bolauy,  in  G.  M.  Wheeler's  Report  upon 
U.  S.  Geographical  Surveys  West  of  the  One  Hundredth  Meridian,  vol.  6,  p.  43. 
1878. 

^Glbhons.  H.  Poisonous  Ettects  of  Crotallaria— Vulgo  Rattle  Weed,  Loco 
Weed.    Pacific  Med.  and  Surg.  Joum.,  vol.  21,  p.  496.    1878-79. 
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Dr.  Isaac  Otf  undertook  the  physiological  study  of  the  question 
and  used  an  alcoholic  extract  of  Astragalus  moUissimus.  He  found 
from  its  action  on  frogs,  rabbits,  and  cats  that  the  plant  had  decided 
physiological  action,  as  follows : 

(1)  It  decreases  the  Irrltabtlity  ot  tUe  motor  tierves. 

(2)  Greatly  affects  the  Bensor?  ganglia  of  the  central  nervous  Bystem,  pre- 
T«ntli%  them  from  reBdlly  re4.-elvlng  Imiiresslons. 

<3)  Has  a  spinal  tetanic  action. 

(4)  KUIB  mainly  by  arrest  of  the  heart. 

(5)  Increases  the  salivary  secretion. 

(6)  Has  a  stupefying  iictlon  on  the  brain. 

(7)  Reduces  the  cardiac  force  and  frequency. 

(8)  TemiH>mrliy  Increases  arterial  tension,  but  finally  decreases  IC 
<9)   It  Kreally  dilates  the  piiiiil. 

Doctor  Stockman,  in  England,  about  this  time  tried  the  action  of 
the  aqueous  and  alcoholic  extracts  of  the  dried  Astragalus  molluitim,v» 
sent  from  Texas,  He  experimented  with  frogs  and  rabbits  in  increas- 
ing doses,  but  without  result." 

In  1888  Hill  reported  that  a  species  of  Astragalus  was  acting  detri- 
mentally on  cattle,  goats,  and  sheep  in  Cyprus  and  that  these  animals 
fell  down  as  if  intoxicated,  and  also  that  the  natives  in  time  of  great 
drought  feed  their  cattle  with  this  plant  mixed  with  straw,  but  that 
they  were  always  made  sick  until  they  became  used  to  it. 

In  1885  Professor  Sayre,  of  the  University  of  Kansas,  undertook 
the  investigation  of  the  loco  question.  His  first  report  was  made  in 
the  Transactions  of  the  Kansas  Academy  of  Sciences  for  1885,  and 
his  reports  have  been  continued  at  various  periods  up  to  1904.  The 
results  of  his  experiments  on  various  animals — dogs,  cats,  and 
frogs'^ — have  been  entirely  negative.  He  administered  alcoholic 
preparations  to  himself  and  took  them  until  they  became  too  nauseous 
to  continue,  and  found  they  produced  absolutely  no  symptoms  besides 
the  nausea.  He  suggests,  however,  that  if  the  plant  really  is  poison- 
ous it  is  due  to  its  fine  hairs,  which  might  mechanically  cause  death. 
Sayre  has  stated  that  he  has  sent  thousands  of  pounds  of  the  dried 
loco  plants  to  various  investigators  in  America  and  Europe,  but  all 
reports  were  negative  as  to  pharmacological  activity.  He  has,  how- 
ever, done  some  work  on  the  pure  cliemisfry  of  the  plant  and  found 
that  the  plant  contained  10  per  cent  of  moisture  and  yielded  12.01 
jwr  rent  of  asli.  Of  this  ash,  25  per  cent  was  soluble  in  water,  while 
50.f)  per  cent  was  soluble  in  HCl.     The  insohible  portion  consisted 


'Ott,  J.  Physiological  Action  of  Antragalus  MulllHslmus.  New  Remedies, 
vol.  11,  p.  227.     3SS2. 

'  Hill,  J.  R.  Note  on  a  Sjiec-les  of  Astragalus  from  Cyprua  Pharm,  Joum. 
and  Trans.,  3  b.,  vol.  18,  p.  712.    1887-88. 

"  Sayre,  L.  K,  Ldco-Weed.  Proc  Amer.  Pharm.  Absoc,  vol.  36,  p,  112.  J888. 
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largely  of  silica.  He  found  CaO,  K,0,  MgO,  Al^Oj,  and  Fe,0„  with 
the  acid  radicals  S0»,  CI,  P,0„  CO,,  and  SiOi.«  Although  Sayre 
claims  that  the  plant  is  physiologically  inactive,  he  tried  by  chemical 
means  to  isolate  a  physiologically  active  body  and,  naturally  enough 
under  the  circumstances,  failed  to  find  one.  He  claims  that  while 
the  plant  might  give  alkaloid  reactions,  he  was  unable  to  isolate  this 
body  in  a  pure  state,  and  that  alfalfa  reacted  similarly. 

The  invfestigation  on  animals  was  continued  by  Kennedy.''  He 
administered  an  infusion  of  J  ounce  of  green  Agtmgalus  moUiaaimus 
tn  a  fasting  dog  weighing  23  pounds,  but  there  were  no  symptoms 
after  12  hours.  A  decoction  of  1  ounce  of  the  green  plant  and  one 
of  4  ounces  of  the  dried  plant  were  likewise  without  action.  Extracts 
with  hydrochloric  acid  were  also  inactive.  When  400  grams  of  the 
dried  and  powdered  plant  were  fed  in  substance  the  result  was  merely 
to  increase  the  appetite.  The  organic  acid  obtained  from  4  ounces  of 
the  plant  was  also  found  to  be  inert. 

Kennedy  did  not  state  in  what  season  the  plant  was  collected  and 
from  what  locality  it  was  obtained,  but  says  simply  that  the  plant 
extract  was  inactive  to  a  dog,  a  carnivorous  animal,  and  that  there- 
fore the  plant  is  nonpoisonous.  He  adds  that  death  might  be  due 
to  the  tough  fibers  and  indigestible  character  of  the  plant.  He  over- 
looks, however,  the  fact  that  the  plant  might  vary  in  its  toxicity,  and 
he  infers  from  the  experiments  on  carnivorous  animals  that  these 
results  would  hold  good  for  herbivora,  yet  he  does  not  claim  that 
carnivora  become  locoed  in  nature. 

Kennedy  found  that  the  plant  lost  80  per  cent  in  weight  oji  drying 
and  that  the  water  extract  which  represented  30.6  per  cent  of  the 
powdered  and  dried  plant  contained  magnesium  sulphate  and  sodium 
chlorid,  tannic  acid,  gum,  coloring  matter,  an  extractive,  aii3  a 
"  peculiar  organic  acid."  The  ashed  plant  yielded  20  per  cent  of 
ash,  consisting  of  magnesium  sulphate,  sodium  chlorid,  alumina, 
silica,  and  a  trace  of  iron.  "  The  abundant  precipitate  produced  by 
the  alkaline  hydrates,  potassium,  sodium,  and  ammonium  was  found 
tn  consist  of  magnesium  hydrate,  an  abundance  of  this  base  being 
present  in  the  plant."  Kennedy  also  obtained  alkaloidal  reactions. 
but  failed  to  isolate  the  body  giving  these  reactions. 

In  1889  the  investigations  were  greatly  stimulated  by  the  report  of 
Doctor  Day,"  then  of  the  University  of  Michigan.  She  claimed  that 
she  was  able  to  produce  marked  physiological  symptoms,  using  both 
Astraffolua  molUasimua  and  Aragalhia  lamberti  in  her  work.     She 

*  Sayre,  L.  E.    Loco  Weed.    Amer.  Vet.  Rev.,  vol.  11.  i>.  55«,    1887. 

*  Kennedy,  3.     Loco  Weed  (Crazy  Weed).     Phann.  Rec.,  vol.  8,  p.  187.     1888. 
'^  Day,   M.  G.     Ex  perl  men  tn)   DemonBtrfitlone   of  the  Toxicity  of  tbe   "Loco 

Weed."    N.  T.  Med.  Journ.,  vol.  49,  p.  237.    1889. 
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administered  daily  CO  to  70  c.  c.  of  a  decoction  "  of  the  plants  to  kit- 
tens, together  with  abundant  milk  and  other  food.  She  states  that 
in  two  days— 

The  kittens  became  less  active,  the  coat  grew  rough,  appetite  for  ordlnarT 
food  dJmlniHhed  und  fondneas  for  the  "  loco  "  Increased,  dtatrbea  came  od,  and 
retelling  and  vomiting  occaaionull}'  occurred.  The  expression  became  peculiar 
and  characteristic.  Emaciation  and  the  above  symptoms  progress! vely  Increased 
until  the  eighteenth  day,  wheu  periods  of  convulsive  excitement  8ui>ervened. 
At  times  the  convulsions  were  tetanic  In  cbnnicter;  frothing  at  the  mouth  and 
throwing  the  head  backward  as  In  opisthotonus  were  marked.  At  other  times 
the  kitten  would  stand  on  Its  hind  legs  and  strike  the  air  with  Its  torepaws, 
then  fall  backward  and  throw  Itself  from  side  to  side.  These  periods  of  exclte- 
meut  were  followed  by  i>erfect  quiet,  the  only  apparent  sign  of  life  beiug  the 
respiratory  movements.  After  n  short  Interval  of  quiet  the  convulsive  move- 
ments would  riH^nr.  These  alteruiite  i>er!odg  of  excitement  and  quiet  lasted 
thlrty-sIx  hours,  when  the  [>ostei'lor  extremlllcs  became  imrnlyzed,  and  the 
kitten  died  about  two  hours  afterward.  There  was  no  apparent  loss  of  con- 
sciousueER  before  death. 

The  iKwt-niortem  examination  revealed  the  presence  of  ulcers  In  the  stomach 
and  duodenum.  Some  of  the  ulcers  had  nearly  perforated  the  walls  of  the 
stomach  and  duodenum.  The  heart  was  lu  diastole;  brain  and  myel  appeared 
normnl.  As  might  be  expected  from  the  emaciated  condition,  the  entire  body 
was  antemlc. 

In  a  second  case  GO  to  70  cubic  ceutlmeters  of  a  more  concentrated 
decoction  were  fed  dally,  with  other  food  as  before,  to  a  vigorous  adult  cat. 
The  symptoms  of  Inactivity,  loss  of  ai>]H>tlte,  njugh  coat,  diarrhea,  and  the 
peculiar  expression  of  countenance  were  as  In  the  llrst  case.  By  the  twelfth 
day  the  cat  was  wasted  almost  to  a  skeleton,  and  was  correspondingly  w^ak. 
Faralysls  of  the  bind  limbs  came  on,  and  the  cat  died  on  the  thirteenth  day. 
There  were  no  jierlods  of  excitement  In  this  esse. 

Tliese  cats  developed  a  craving  for  the  decoction  and  "would  beg 
for  it  as  nn  ordinary  kitten  does  for  milk,  and  when  supplied  would 
lie  down  contented." 

Doctor  Day  made  controls  with  healthy  animals  under  the  same 
conditions,  with  the  exception  that  they  received  no  loco  plant.  She 
also  fed  a  young  wild  jack  rabbit  on  milk  and  gras-s  for  a  few  days 
and  then  substituted  fredi  loco  plants  for  gras.s. 

At  first  the  '■  loco  "  was  refused,  but  after  two  or  three  days  the  "  loco  "  waa 
eaten  with  as  much  relish  as  the  grass  bad  been.  After  ten  days  of  the  milk 
and  ■■  loco "  diet  the  rabbit  was  found  deod,  with  the  head  thrown  back  and 
the  stomach  ruptured. 

Subcutaneous  Injections  of  the  concentrated  decoction  caused  nervous  twitch- 
lugs  in  frogs  aud  kittens,  and  If  large  amounts  were  used  death  followed  In 
from  one  to  two  hours  from  paralysis  of  the  heart.  The  same  symptoms  were 
produced  In  frogs  by  the  injection  of  an  olcohollc  extract  of  the  residue  left 
after  the  evaporation  to  dryness  of  the  decoction. 

In  other  words.  Doctor  Day  was  able  to  produce  a  chronic  form  of 
loco  poisoning  with  the  characteristic  symptoms  so  often  described 
°  Presumably  a  10  per  cent  decoction,  U.  S.  P.  ^  .  , 
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save  in  the  occurrence  of  diarrhea.  Diarrhea  is  not  usually  noted  on 
the  range.  Sayre  had  already  reported  an  ulcerated  condition  of 
the  intestines  of  a  locoed  cow  similar  to  that  described  by  Doctor  Day 
as  occurring  in  cata  Doctor  Day  urged  that  the  reason  previous 
experimenters  failed  to  produce  symptoms  was  that  they  had  used 
too  small  an  amount  of  the  plant  and  that  by  systematic  feeding  to 
healthy  cats  cases  of  loco  disease  may  be  produced. 

Storke  states  that "  Dr.  V.  C.  Vaughan,  of  the  University  of  Michi- 
gan, has  since  fully  corroborated  Dr.  Day's  views."  " 

In  her  experiments  Doctor  Day  used  the  leaves,  roots,  and  stems 
of  the  plants  gathered  in  September.  She  believed  that  the  greatest 
amount  of  poison  is  present  in  autumn  and  winter.  She  later  under- 
took the  isolation  of  the  active  principle,  and  proceeded  as  follows :  * 

The  rootB,  alems,  and  leaves  were  boiled  ten  bonrs,  Btraloed.  and  tbe  decoc- 
tion concentrated  to  a  slrnp,  )ioured,  wblle  hot.  Into  a  hot  flaeb,  corked  and 
Bet  awaj.  At  the  end  of  ten  days  the  sirup  had  separated  Into  two  layers — 
the  upper  a  blackish  liquid,  the  lower  a  brownleh  sedimeut.  Tbe  liquid  was 
poured  Into  a  Bask  and  covered  with  sis  times  Its  volume  of  very  dilute  al- 
cohol, 30  per  cent  (the  sediment  also  was  washed  with  dilute  alcohol,  to  Insure 
a  mmplete  removal  of  the  liquid),  corked,  and  let  stand  three  days;  agitated 
uccaeionally,  then  filtered,  and  the  filtrate  slowly  evaporated  In  the  air,  wbrai 
crystalB  were  formed.  It  was  found  Important  not  to  hurry  the  evaporation, 
for  when  this  took  place  too  rapidly  the  crystals  did  not  form. 

These  crystals  are  niicroscoplc  in  size,  blue-white  In  color,  and  of  a  variety 
of  forms.  The  most  characteristic  are  slender  and  jHiinted,  arruuged  in  rosettes 
or  grouped  In  various  ways.  They  are  soluble  In  distilled  water  and  very  dilute 
alcohol,  very  sparingly  soluble  In  strong  alcohol,  not  soluble  In  chloroform  or 

The  evaporated  mass  containing  the  crystals,  when  dissolved  In  distilled 
water,  is  slightly  acid  lu  reaction.  A  small  amount  of  this  fed  to  a  kitten  jiro- 
duced  the  train  of  characteristic  toxic  symptoms — sleepiness,  loss  of  appetite, 
retching,  and  diarrhea— that  Is  produced  by  qnite  large  amounts  of  the  decoo- 

UOD. 

The  crystals  Sayre"  claims  to  have  already  seen.  He  says  that 
they  gave  no  precipitate  with  Mayer's  reagent,  platinum  chlorid,  or 
with  ammonia,  but  that  barium  chlorid  and  ammonium  oxalate  gave 
a  precipitate,  and  he  believes  that  they  were  in  reality  an  inorganic 
combination  of  calcium,  so  that  while  Doctor  Day  may  have  obtained 
an  extract  which  produced  characteristic  symptoms  she  certainly  has 
not  isolated  any  pure  active  principle.    Later  she  admitted  that  it  was 

«  storke,  B.  F.    The  I.flco  Weed.    Med.  Current,  vol.  fi,  p.  157.    1S02. 

*  Day,  M.  G.  The  Separation  of  the  Poison  of  the  "  l-oco  Weed."  N.  Y,  Med. 
Journ.,  vol.  50,  p.  604.    18S». 

"  Sayre,  L.  B.    Active  Principle  of  Loco  Weed,    Notes  on  New  Remedies,  vol. 
2,  No.  12,  p.  1. 
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not  possible  "  to  make  positive  statements  as  to  the  chemical  charac- 
ter of  the  active  principle,"  " 

In  1884  there  was  a  fatal  outbreak  of  a  disorder  in  horses  in  por- 
tions of  the  Missouri  Valley  in  Iowa,  Nebraska,  and  Dakota.  This 
was  almost  uniformly  fatal  in  a  few  weeks  or  months.  The  animals 
lost  strength  and  became  emaciated,  although  they  were  kept  in  pas- 
ture where  there  was  abundant  grass.  There  was  marked  stupor,  the 
animals  falling  asleep  while  eating,  and  they  "would  remain  stand- 
ing for  a  whole  week,  sleeping  much  of  the  time,  with  the  head  rest- 
ing upon  some  object."  The  post-mortem  examination  showed  that 
"  in  every  instance  there  was  marked  hemorrhagic  effusion  into  the 
fourtli  ventricle,  the  liver  and  spleen  were  abnormally  dense,  the  walls 
of  the  intestines  were  almost  destitute  of  blood,  and  the  stomach  enor- 
mously distended  with  undigested  food."  The  post-mortem  find  and 
clinical  symptoms  suggested  to  Stalker  "  that  this  disorder  was  due  to 
some  plant  analagous  to  Astragal'is  moUhsimus.  He  found  abundant 
in  these  regions  Crotalaria  sagittalis,  or  rattle-box,  one  of  the  so- 
called  loco  weeds,  and  by  the  administration  per  os  to  a  young  horse 
of  an  infusion  of  15  pounds  of  the  plant,  given  in  two  days,  pro- 
duced the  clinical  symptoms  and  the  post-mortem  condition  of  the 
brain  which  he  previously  observed  on  the  range. 

Power  and  Cambier '  undertook  the  chemical  study  and  the  isola- 
tion of  the  active  principle  of  this  plant,  together  with  that  of 
Astragalus  moUissimxis.  They  found  that  the  Astragalus  moUia- 
simus  if  distilled  with  water  yielded  a  distillate  which  possessed  a 
peculiar  odor,  which  they  thought  due  to  a  trace  of  volatile  oil.  On 
distilling  with  alkali  they  obtained  ammonia  and  a  trace  of  trimethy- 
lamine.  In  the  case  of  Crotalaria  only  ammonia  was  found.*  They 
argued  that  because  trimethylamine  was  not  obtained  in  this  case 
choline  was  not  present.  On  distilling  the  Astragalus  mollisaimus 
with  acidulated  water  (HjSO,)  the  distillate  was  found  to  contain 
acetic  acid — settling  the  nature  of  the  "  peculiai'  organic  acid  "  de- 
scribed by  Kennedy.  From  this  plant  they  obtained  a  resin  or  mix- 
ture of  resinous  bodies  by  extracting  the  plant  with  alcohol,  and  after 
concentration  precipitating  with  acid  water.  These  resins  in  doses 
of  from  2  to  5  grains  failed  to  prwluce  any  symptoms  in  kittens. 

•  Day,  M.  fi.  Loco  Weed.  In  F.  r.  FoBter's  Rpfpreiice-PiMk  of  Practical  Ther- 
B[>eutlca,  vol.  1,  l>.  588.    1896. 

>>  Stalker,  M.    Isl  Ann.  Kept.  State  Vet.  Surg.  Iowa.  \i.  IG.    1880. 

'Power,  F.  B.,  and  Cambier,  J.  Cliemlcal  ExamlDatloD  of  Some  I,oco- 
We«dB.  Pbarm.  KundBcbau.  vol.  9,  p.  8.  1891.— Power,  F.  B.  Notes  od  the 
So-called  Loco  Weeds.  Pbami.  Rundscbau,  vol.  7.  p.  134,  1889.— See  also 
Hoffmann,  F.,  Loco-Weeds,  in  Pharm.  Rundschau,  vol.  T,  p.  168.    1S8S. 

<■  Kennedy,  J.  Ptaarm.  Rec.,  vol.  8,  i>.  197.  ISS^S.  Kennedy  also  obtained  bid- 
monla  from  Astragalus  moUUaimut.  _^ 
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An  albuminoid  which  was  obtained  by  precipitating  a  concentrated 
aqueous  extract  of  Astragalui  moUissimus  by  means  of  alcohol  like- 
wise was  found  to  be  inactive  to  a  kitten  in  doses  corresponding  to 
50  grams  of  the  crude  plant.  A  globulin  which  was  isolated  by 
precipitation  from  a  10  per  cent  sodium  chlorid  solution  proved 
also  to  be  inactive  in  doses  of  0.2  gram.  They  -then  extracted  3 
kilograms  of  these  plants  with  i  per  cent  sulphuric  acid,  and  after 
evaporation  to  a  thick  gum  the  mass  was  extracted  with  strong 
alcohol,  the  alcoholic  solution  was  evaporated,  and  the  alcoholic 
residue  taken  up  in  water  and  precipitated  by  neutral  and  basic  lead 
acetates,  and  aiter  removing  the  lead  with  sulphureted  hydrogen  the 
filtrate  gave  precipitates  with  various  alkaloidal  reagents.  The 
sirupy  residue  which  they  obtained  from  Astragalus  moUissimus  by 
decomposing  the  precipitate  with  Mayer's  solution  administered  to 
kittens  in  doses  of  0.1  gram  produced  merely  frotliing  at  the  mouth 
with  profuse  flow  of  saliva,  but  the  animals  soon  recovered.  The 
presence  of  a  large  amount  of  calcium  was  shown  but  not  estimated 
quantitatively. 

Power  and  Cambier  summed  up  their  conclusions  by  stating  that 
both  the  Astragalus  and  the  Crotalaria  contain  very  small  amounts 
of  toxic  alkaloids,  to  which  they  believe  the  symptoms  of  poisoning 
produced  were  due.  Their  work  from  a  chemical  standpoint  is  excel- 
lent, but  from  a  pharmacological  point  of  view  seems  to  be  deficient ; 
in  fact,  Power  does  not  claim  to  be  a  pharmacologist.  What  would 
seem  to  be  the  proper  course  would  have  been  to  test  for  themselves 
the  action  of  the  plant  on  various  animals  and,  after  deciding  which 
reacted  most  characteristically,  test,  after  various  precipitations,  both 
the  precipitates  and  filtrates  on  various  animals  to  see  whether  the 
original  symptoms  and  pathological  legions  could  lie  produced.  They 
failed,  however,  to  test  their  mother  substance.  It  is  well  recognized 
that  plants  grown  under  varying  conditions  and  on  different  soils  vary 
in  the  amount  of  the  physiologically  active  principle  they  contain. 

In  the  case  of  Crotalaria,  Power  and  Cambier  had  before  them  the 
experiment  of  Stalker,  in  which  he  reproduced  the  disorder  by  feed- 
ing the  plant  extract  to  horses,  yet  they  claimed  that  the  body  which 
they  administered  was  the  active  principle,  mei-ely  because  it  pni- 
duced  some  frothing  at  the  mouth  and  salivation  in  a  kitten.  The 
percentage  of  active  principle  they  found  would  be  too  small  to 
account  for  the  symptoms,  except  in  the  case  of  a  very  active 
compound. 

Certain  of  these  precipitates  were  also  later  examined  physiologic- 
ally by  O'Brine."     He  also  found  the  resin  precipitated  from   an 

"O'Brlne,  D.  Progress  Bull«tlit  on  the  Loco  and  Larkspur.  Colo.  State 
Agric.  Coll.  Bui.  26,  p.  18.     1893. 
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alcoholic  extract  of  the  plant  and  also  the  alcoholic  extract  from  2.2 
pounds  of  the  dried  Antrarjalus  molJmimus  to  be  physioic^ically 
inactive, 

Oatman,"  using  Power  and  Cambier's  method  with  alfalfa  {Medi- 
cago  mtiva),  obtained  a  noncrystalline  mass  which  when  given  in 
0.1  gram  dose  caused  frothing  at  the  mouth  in  a  kitten,  but  no  serious 
symptoms.  This  0.1  gram  represented  about  5  pounds  of  powdered 
leaves  and  tops  of  the  plants. 

Since  the  appearance  of  Power  and  Cambier's  work  Sayre  has 
published  various  papers  on  the  loco  weeds  in  the  Transactions  of  the 
Kansas  Academy  of  Sciences  for  1903-4,  vol.  19,  p.  194,  1905 ;  1901-2, 
vol.  18,  p.  141;  Seventh  Biennial  Report  of  the  State  Board  of  Agri- 
culture of  Kansas,  vol.  12,  p.  97, 1891 ;  Journal  of  the  Kansas  Medical 
Society,  vol.  4,  pp.  222  and  241,  1904,  etc.  He  has  contributed  noth- 
ing especially  new,  but  says  that  "  the  old  theory  that  an  alkaloidal 
poison  is  secreted  in  the  plant  causing  the  loco  trouble  has  not  boen 
found  tenable,"  but  wishes  to  be  understood  that  he  does  not  di.s- 
credit  the  ground  for  the  opinion  that  in  some  mysterious  way 
certain  disorders  occur  in  cattle  in  connection  with  what  is  commonly 
called  loco  weed.  He  suggests  that  this  connection  might  be  some- 
what similar  to  the  relationship  between  the  disorder  caused  by  over- 
feeding half-starved  animals  on  clover  or  alfalfa*  and  has  had  the 
plant  analyzed  as  to  its  nutritive  value,  giving  the  table  in  the  Trans- 
actions of  the  Kansas  Academy  of  Sciences,  vol.  19,  p.  194.  He 
makes  the  suggestion  that  any  injurious  action  the  plants  may  have 
might  be  due  to  the  fine,  hair-like  projections  on  the  plant  which 
mechanically  set  up  irritation.  This  supposition  can  be  thrown  out 
at  once  by  the  experiment  of  Day  and  others,  who  induced  symptoms 
in  animals  by  extracts  of  the  plant,  and  by  the  fact  that  other  course 
plants  do  not  act  similarly.  This  fine,  hair-like  material  was  found 
to  constitute  about  33  per  cent  of  the  plant  on  grinding.  But  Sayre 
himself  does  not  seem  to  be  positive  as  to  any  conclusion.  He,  like 
O'Brine  and  others,  has  obtained  alkaloidal  reactions  from  the  plant, 
but  states  he  has  obtained  similar  ones  from  alfalfa."  At  one  time 
he  said: 

I  do  not  consider  loco  directly  or  Indirectly  tbe  cause  of  the  condltLon,  but 
am  of  tbe  opinion  tliat  wlint  \n  cnlled  "locoed"  Ib,  first,  congestion  of  tbe 
brnln  and  spinal  lutirrow  (causing  blindness  and  first  syuiptouis).  aud,  second, 

<■  Oiitninii.  H.  C.  The  PolBonons  I'rlnclple  of  T.oco  Weed.  Xotee  on  New 
Renj^ies.  vol.  4,  p.  14.    ]8iil-9r2. 

"  .Siiyre,  L.  K    Loco  Weed.    Kniis.  Acad.  Scl.  Trans.,  vol.  18,  it.  141.     1003. 

'  Snyre,  L.  B.    Loco  Weeds.    7tli  Blenn.  Re\A.  K&ns.  State  Board  Agrlc.  for 
1889-80,  vol.  12,  pt.  2,  p.  SK).    1891. 
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BofteninR  to  n  Kreater  or  less  extent."  Thuse  tenuB  riescriblng  the  alleged 
Bf mptoniH  of  '■  locolBDi "  nilKbt  occur  lu  well  rucofnilied  diBeases  reaultlng  from 
liraln  le«iotis,  which  liitter  occur  lu  so-called  forage  poisoning  and  iwlsonlng 
from  foul  drinking  water,  etc. 

We  are  not  pryiwred  to  aOlrni  or  deny  that  the  loco  weed  produces  &  train 
of  ayniptoms  characterlitlc  of  the  plant.' 

Again  Sayre  states: 

It  seems  not  nureasonabte  to  suppoM  tliat  the  peculiar  condition  of  the  anl- 
mala  of  the  plalnn,  when  they  gorge  thenieelves  with  this  highly  nitrogenous 
weed,  has  sonielhluK  to  do  with  the  dlseaw.  A  condition  of  umluutrltlon  may 
net  III  and  give  rise  lo  the  rtipld  growth  of  a  toxlc-produclug  uilcro-orgaiilsni 
or  an  Irritating  principle.  This  principle  may  be  cn|«ble  of  cultivation  and  of 
liroduclug  diHeiise  nrtlliclally.  Be  this  as  It  may,  we  feel  warranted  In  saying 
that  the  so^nlled  jwlson  Is  n  development  within  the  anlDial,  not  a  product 
preexlBtlng  lu  the  weed  Itself. 

Sayre  also  siifjj^sts  tlie  possibility  of  tlie  plants  producinf;  hydro- 
cyanic acid,  which,  it  is  well  known,  occurs  in  Korghuin."  In  the 
Joiimal  of  the  Kansas  Medical  Society  (vol.  4.  p.  243),  he  claims  to 
have  isolated  a  crystalline  body,  but  this  he  has  not  tested  physiolopic- 
ally.  Sayre  especially  deserves  <Te<lit  for  keeping  the  loco  investiga- 
tion alive,  and  no  doubt  his  change  in  position  is  due  to  his  lack  of 
facilities  for  pharmacological  testing. 

Carl  Ruedi "  fed  rabbits  daily  by  a  stoniacli  tube  with  10  c.  c.  of  an 
extract  (unstated  strength)  of  Astraffalus  moUissimus  and  recorded 
the  following  results: 

After  only  Ave  injections  one  of  Ihe  rabbits  dle<1.  and  the  t>o»t-niortem  showed 
to  a  nicety  the  congestion  of  the  whole  tract  of  the  vena  portce  and  the  nniemia 
of  the  brain.  I  put  six  ral)bitn  under  the  Influence  of  loco,  and  the  effect  was 
marbed,  but  not  raiild,  If  not  given  In  very  concentmted  solutions.  The  solu- 
tions were  (irepared  dllTerently.  and  each  of  the  rubhlls  had  Its  own  preiuira- 
tlon,  but  the  effect  was  nearly  the  same.  In  the  beginning  loco  nets  as  a 
stimulant;  the  animals  get  lively,  hilarious,  running  about,  cleaning  themselves, 
etc.  This  lusts  about  eight  hours,  then  they  become  very  quiet,  sit  In  a  comer 
of  a  box,  and  one  can  do  with  them  pretty  nearly  what  one  likes;  they  do  not 
move  from  the  place,  or  Just  run  Into  another  corner,  to  fall  back  Into  the  same 
complacent  reverie.  One  can  leave  the  door  opeu  and  hammer  away  at  the 
box.  but  they  do  not  show  any  Inclination  to  mil  away.  During  the  e.vcltenient, 
however,  they  become  fierce,  and  I  bad  once  the  opjiorttniity  to  watch  one  of 
the  drollest  things  possible:  One  of  the  rabbits,  two  hours  after  dosluR  It.  got 

"  Sayre.  L.  K  Further  Reiwrt  on  Loco  Weeds,  Notes  on  New  Itemedles,  vol. 
4,  p.  80.     JSOl-92. 

*  S<iyre,  1,.  E.  The  Loco  Diseflne.  Jonm.  Kana.  Med.  Hoc.,  vol.  4,  pp.  241-243. 
1904. — What  Is  Insanity  in  Ixiwer  AnlmaiaV  Jonm.  Kans.  Med.  Soc^  vol,  4, 
p.  222.    1004. 

■•  Sayre,  L.  K.    Loco  Weed.    Kans.  Acad.  Sci.  Trans.,  vol.  18,  p.  144,    1!)03. 

*  Ruedl,  V.  Jawo  Weed  (Astragalus  Moltlssluius)  :  A  Tosico-Chemical  Study, 
Trans.  Colo.  State  Med.  Sw.,  p.  i\K  isy5.— Also  Treatment  of  Animals  Pois- 
oned by  Loco  Weed  (unpublished  article). 
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looHe  and  ran  nnder  a  porch.  A  heavy  tomcat  came  uear  this  bole,  aud  com- 
menced sniffing  about;  this  offended  the  rabbit  hlgbly,  sod  It  Jumped  on  the 
neck  of  tlie  cat,  bit  II  tlirough  tbe  skin,  and  the  cat  ran  screaming  awaj.  Wheti 
ttie  animals  are  first  under  the  Influence  of  moderate  doses  of  loco,  they  suffer 
greatly  from  hypeneetheBla  of  the  cutaneous  nerves;  when  one  toucties  thent 
with  a  stick  while  lying  In  a  corner,  without  hurting  them,  one  sees  the  platysnia 
woricing  away  very  forcibly,  and  Sometimes  they  utter  sounds  of  pain.  Accord- 
ing to  my  experiments  the  loco  weed  works  slowly  but  surely;  aa  soon  as  tbe 
nufemla  of  the  brain  sets  in,  tbeonlmalH  net  In  every  respect  mad  like;  one  hour 
they  are  excitable,  and  then  again  dull  and  liinguld  as  can  be.  The  rabbits  cat. 
when  well,  very  quickly,  and  whenever  they  have  opportunity;  not  bo  the  locoed 
rabbit;  be  eats  slowly  for  a  miuute  or  two,  then  be  goes  Into  a  comer  and 
medilates,  comes  forward  to  nibble  at  a  carrot  or  a  piece  of  cabbage,  but  he 
never  eats  greedily,  and  does  not  steal  It  from  tbe  mouth  of  his  neighbor,  or 
only  very  exceptionally.  I  observed  these  rabbits  for  ten  days;  they  did  itot 
die,  because  I  gave  them  weaker  solutions;  but  tbey  all  became  very  ill,  and  tift 
I  bad  to  leave  tbe  park  I  icilied  them  with  the  needle  inserted  Into  the  medulla 
oblongata,  and  made  the  [Kist-nmrteni.  In  alt  of  these  (.-ases  I  found  great  con- 
gestion in  the  abdomen,  and  uiurkctl  aniemia  of  tbe  brain.  The  congestion  of 
the  vena  i)orlie  commences  certainly  very  early,  but  still  the  first  symptoms 
are  the  nervous  symptoms,  first  as  excitants,  tlien  depressing  or  sedative,  with 
a  marked  liyperipstbesin  of  the  cutiineons  nerves. 

Kiiedi  made  an  attempt  to  isolate  the  active  principle  and  sepa- 
rated a  base,  which  he  calls  "locoin,"  from  an  ether  shaking.  This 
base,  howevei',  he  found  to  be  physiologically  inactive,  but  believes 
the  activity  to  be  due  to  a  body  which  he  calls  "  loco-acid,"  which  is 
present  in  the  mother  liquid  after  the  shaking  with  ether.  He,  how- 
ever, has  not  obtained  this  in  any  degree  of  purity  and  gives  no 
chemical  data  to  substantiate  this  statement  save  that  the  fluid  n-as 
acid. 

Experiments  made  at  the  University  of  Pennsylvania  with  certain 
loco  plants  on  cats,  dogs,  and  rabbits  proved  negative." 

Other  experiments  on  rabbits  liave  been  made  by  Doctor  Lewis. 
These  rabbits  were  fed  on  the  leaves,  stem,  and  whole  plant,  and  also 
extracts  of  <)ne  of  the  loco  plants  (presumably  Astragalus  tnolliggi- 
mus)  for  one  or  two  months,  without  producing  any  noticeable  effect.* 

This  uncertainty  in  the  results  of  the  investigation  as  to  the  cause  of 
the  loco  disease  turned  the  attention  of  observers  into  other  lines.  Pres- 
ident IngersoU,''  of  the  State  Agricultural  College  of  Colorado,  in  his 
autopsies  on  sheep  was  struck  by  the  presence  of  tapeworms  {Taenia 
expansa)  in  the  gall  duct  and  small  intestines.  He  apparently  tried 
to  prove  a  relationship  between  the  tapeworms  and  the  locoed  condition 
by  feeding  the  e.\tract  of  a  loco  plant  to  sheep,  and  thus  showing  its 
harmlessness.    He  prepared  a  decoction  from  20  pounds  of  loco  plant 

•The  "Loco  Disease,"    Tberaii.  Gaz.,  vol.  12,  p.  30.    1888. 
"  Sayre,  I^  E.     Loco  Weed.     Kans.  Acad.  8ci.  Trans.,  vol  IS,  p.  142.    190R. 
"  Sayre.  L.  E.    Loco  Weeds.    7tb  Blen.  Rept.  Kauaas  State  Board  Agrlc.  for 
leSn-lSMK),  pt.  2.  p.  08.     1801. 
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(the  species  was  not  stated)  and  boiled  this  down  from  12  gallons 
to  1  quart.  This  concentrated  extract  was  fed  in  three  days  to  a 
bottle-fed  lamb ;  this  lamb  showed  no  symptoms,  although  kept  under 
observation  for  two  weeks.  This  theory  of  the  causation  of  loco 
by  worms  was  also  considered  by  Curtice,"  and  later  brought  forward 
by  Steele "  and  Marshall."  This  idea  is  very  suggestive  when  con- 
sidered in  relation  to  the  etiology  of  bothriocephalous  antemia.* 

Others,  again,  have  claimed  that  the  disease  is  due  to  a  parasite 
found  upon  the  loco  plants,  but  all  specimens  examined  by  ento- 
mologists proved  to  be  harmless," 

Lloyd,  from  his  study  of  the  subject,  says: 

From  flrst  to  Inet  I  liave  failed  In  obtaining  a  cbaracterlstic  proximate  prin- 
ciple, either  [rom  tLe  frenh  or  dried  plant.  Tbe  disease  called  loco  was  as 
murk;  ns  the  milk  nlckneiw  w>  prevalent  In  tbe  new  settlementB  of  ladlaua 
and  Kentucky  In  enrl;  dayp,  and,  like  tbe  niimberlesB  berbe  that  bave  been 
jirexuued  to  produce  tbat  ubscnre  |kecUllar  dleease,  milk  Blckaess,  loco  was  un- 
reFipouBlve  to  uiy  chemistry.' 

It  may  be  Bsfely  wild  that  If  a  aiieclmen  of  tbe  plant  were  to  be  examined 
In  tbe  ordinary  manner  by  a  rliemlwt  who  had  no  Idea  of  tta  Imimrtauce  he 
would  report  tliHt  It  did  not  contain  n  chnrncterlBtlc  proximnle  constituent." 

Can  It  be  that  an  admUtiire  of  loco  and  Rome  undetermined  plant  or  ^rtta 
infected  with  bacteria  taken  with  the  roots,  each  Innocuous  under  other  con- 
ditions, can  by  dlKCi'liou  together  In  the  stomach  and  Intestines  result  In  the 
production  of  a  poison?* 

To  sum  ui>.  it  seems  to  tbe  writer  tbat  tbe  i>olson  of  loco  is  a  product,  and 
not  au  educt.* 

"  Curtice,  C.  Tape- Worm  Disease  of  Sheep  of  the  Western  Plains.  Bur, 
ADlmal  Industry.  4tb  and  Sth  Ann.  Rept.,  p.  IflT.    1889. 

*  Steele,  C,  D.  New  Theory  about  Loco.  Farm  and  Ranch,  vol.  20,  No.  3B, 
p.  1.    1901. 

'Marshall,  H.  T.  Loco  Weed  Disease  of  Sheep.  Johns  Hopkins  Hospital 
Bui.,  vol.  15,  p.  181.  1904. — Data  as  to  these  parasites  of  sheep  may  be  found 
in  Curtice,  C,  The  Animal  Parasites  of  Sheep.  Bur.  Animal  industry.  Kept., 
1890. 

*  Faust,  E.  S.,  and  Tallqulst,  T.  W.  Ueber  d.  I'rsacheii  der  Both Hoceplia Ins- 
anUmle.    Arch.  f.  Exp.  Path.,  vol.  57,  p.  367.    1907. 

"  Walsbta  Amorpbella  and  the  Loco  Weed.  Insect  Life,  vol,  2,  p.  50,  1889-90. 
Snow,  F.  H.    Loco-Weed.    Science,  vol.  9,  p.  92.    1887. 

'  Lloyd,  J.  U.  Loco,  or  Crazy  Weed.  Eclectic  Med.  Joum.,  vol.  BS,  p. 
482.     1893. 

"  Lloyd,  J.  U.,  1.  c„  p.  483. 

*  Lioyd,  J.  U..  1.  c„  p.  484. 

NoTt^Bccles  bad  previously  announced  a  somewhat  slnillar  idea,  Sayre, 
L.  E.    I»co  Weed.    Proc.  Amer.  Pbarm.  Assoc,,  vol.  36,  p.  115,    1889. 

*  Lioyd.  J.  U.,  1,  c„  p.  486, 
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But  Lloyd  adds,  in  speaking  of  the  reports  of  various  experts  and 
ranchmen : 

Their  description  concerning  Its  toxic  action  on  anitnnls  HKreed,  and  it  wnii 
folly  to  argue  that  bo  many  obfiervera  from  so  many  aectlong  of  tbe  conntry 
could  be  misled.  There  must  be  an  undetermined  aometbInK  behind  the  loco 
weed." 

In  1893  O'Brinc,  from  Colorado,  and  Mayo,  from  Kansas,  reported 
on  their  work  with  the  loco  plants.  O'Brine  failed  to  isolate  any 
alkaloidal  or  other  poisonou.s  body,  and  his  feeding  experiments  on 
himself  and  on  rabbits  having  failed,  he  sums  up  in  despair:  "The 
more  I  examine  the  loco  question,  the  more  I  am  persuaded  that  -we 
must  look  for  some  other  cause  besides  the  loco  weed," "  At  the  end 
of  his  report  he  gives  some  ash  analyses  but  fails  to  interpret  them. 
He  also  fails  to  give  details  as  to  the  method  of  obtaining  and  esti- 
mating his  ash.    O'Brine's  ash  analyses  are  as  follows : 


AraffatiuK  itintherii  (whole 

pl»nl| IJI.Ri  |lT.t» 

Alragaliu  m>Tiocarpui ....  12. 8»     T,  K 


Fe,0,  ' 

MkO. 

K,0. 

NM). 

B^,. 

16.x  ^t-a, 

1.11 

...„ 

8.21 

S.> 

5.97  |12!l0 

2.«2 
S.56 

^S5 

ILW 

3.K 

These  analyses  are  evidently  incorrect,  as  O'Brine  estimates  a 
carbon  content  of  4.13  per  cent  for  the  first,  and  for  the  second  2.22 
per  cent,  showing  incomplete  combustion. 

Mayo "  experimented  with  alcoholic  and  aqueous  extracts  of  dried 
Astragalus  moUmimus  on  guinea  pigs,  with  negative  results,  and 
was  first  led  to  deny  a  relationship  between  the  disease  and  the  plants. 
I^ater,  as  a  result  of  the  post-mortem  findings,  he  was  convinced  that 
his  first  conclusion  was  wrong  and  that  "  the  disease  is  certainly  the 
result  of  animals  feeding  upon  the  loco  weed."    Mayo  says: 

A  cnreful  survey  of  the  e\i>erlments  iierformed  and  obeervatioDS  noted  leads 
me  to  tbe  opinion  thnt  tbe  disense  known  as  "  loco  "  Is  the  result  of  mtilDHtrl. 
tlon,  or  a  Rinduiil  xtiiriiitlon.  caunetl  by  the  nnlsials  eating  the  plants  known 
as  "loco  weeds,"  either  AKtragnlun  mollitHmuii  or  Aragallui  lambrrlL  It 
there  Is  a  narcotic  principle  iu  the  plant.  chemistB  have  failed  to  find  It  and  a 
fluid  extract  does  nut  possess  It,  aud  a  ton  of  the  plant  eaten  by  an  animal 
oiiKbt  to  contain  enough  of  tbe  poisonous  properties  to  destroy  an  aalmal. 

•Lloyd,  J.  v.,  I.  C,  p.  483. 

*  O'Brine,  !>.  Progress  Bulletin  on  the  IX)co  and  Larkspur.  Colo.  State 
Agric.  Coll.  Bui.  25,  p.  17.    180,'i. 

"  Mayo.  N.  S.  Some  Observations  on  Loco.  Kans.  State  Agrlc.  Coll,  Bui,  S!\ 
p.  116.     1S03. 


129 


^d  by  Google 


HISTORICAL   SKETCH    OF    LOCO    INVESTIGATIONS.  33 

Robert  •  has  also  tested  the  Hctivity  of  AtttragaJiin  mollksimus  and 
says,  •'  Ich  faiid  Aetiayuhia  rnoJUmmus  ziemlich  iinwirksam." 

Doctor  McEackran  '■  fed  dried  Anti-agalnn  mollmitnus  and  Aragal- 
Im  iamberti  mixed  with  feed  to  a  stabled  animal  for  two  months  with- 
out result.  (Animal  not  stated),"  Similar  negative  experiments  are 
reported  from  the  State  of  Washington,  but  the  amounts  used  were 
too  small  to  form  any  conchisioiis." 

Mr,  V.  K,  Chesnut*  has  busied  himself  with  the  loco  problem, 
but  mainly  in  an  executive  capacity,  his  own  efforts  being  directed  to 
the  study  of  the  relation  of  the  loco  plants  to  the  disease  on  the  range. 
He  has  done  no  laboratory  work.  Chesnut  and  Wilcox  made  numer- 
ous autopsies  on  sheep  and  experiments  on  animals.  They  claimed 
that  an  extract  of  Aragalhis  xpicatug  produced  some  slight  narcotic 
action  in  rabbits.  Their  pathological  examinations  failed  to  show 
any  characteristic  lesion,  but  they  state  that  the  cerebral  membranes 
were  in  all  cases  slightly  congested.  They  deny  any  causative  rela- 
tionship to  the  presence  of  worms  or  with  feeding  upon  alkalis. 
They  believe  that  sheep  are  more  likely  to  become  locoed  if  not  salted 
regularly.  Chesnut  describes  one  case  in  which  a  lamb  became  locoed 
by  nursing  from  a  locoed  mother. 

In  1901  Reid  Hunt,  at  that  time  a  special  agent  of  the  United 
States  Department  of  Agriculture,  studied  the  loco  question  in  Mon- 
tana, working  mainly  with  Aragallus  spicatua.  He  moistened  the 
ground-up  plant  with  93  per  cent  ethyl  alcohol  and  then  pei-colated  it 
until  exhausted.  This  extract  was  evaporated  and  taken  up  with  water 
so  that  1  c.  c.  of  the  solution  corresponded  to  10  grams  of  the  plant. 
This  was  fed  to  an  active  young  rabbit  weighing  4!)0  grams,  6  c.  c. 
being  fed  by  the  mouth  and  followed  in  about  an  hour  by  10  c.  c, 
more,  and  two  hours  after  this  by  15  c.  c.  This  rabbit  showed  no 
symptoms  during  the  following  day.  The  next  day  it  was  very  dull 
and  there  was  marked  muscular  weakness,  as  the  rabbit's  legs  were 
spread  wide  apart  and  his  nose  rested  on  the  ground.  Later  respi- 
ration became  very  slow  and  the  pupils  were  dilated.  The  paralytic 
symptoms  increased  and  finally,  after  a  convulsive  movement,  the 

°Kobert,  R.    Lelirb.  d.  Intoxikatiouen,  p.  GlS.    1803. 

'OBrlne,  D.  Progress  BuJIetlu  on  Loco  and  I.ark8nnr.  Colo.  State  Agrlc. 
Coll.  Bui.  25,  p.  13.     1803. 

''After  iLe  ninmiBcri[)t  of  this  bulletin  was  sent  to  the  printer  It  was  learned 
through  PiofeHHor  Car|)enter  that  this  nnlmnl  was  a  horse, 

<'XetBon,  S.  B.  Feeding  Wild  Plants  to  Sheep.  Bur.  Animal  Industry,  BdI. 
22,  p.  12.     18!>8. 

"  Chesnut,  V.  K.,  nnd  Wilcox.  E,  V.  Stock-Polsonltig  Plants  of  Moatana. 
V.  S.  Dept.  ARrlc.  DIv.  Bot..  Bui.  26.  p.  ».  1001.— Wilcox.  B,  V.  Plant  Polson- 
Inic  of  Stock  in  Montana.     Bur.  Anlmnl  Indnsirr,  ITth  Ann.  Itept..  p.  111.    l&OO. 

NoTE.^ — The  writer  wlsbee  to  ackuowledce  the  great  literary  help  Mr.  Cheenut's 
card  cntaloRue  has  been  to  bim  in  tbc  preiiaratlon  of  this  paper.    ^  .  , 
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animal  died,  tliirty-six  iioiir^  after  the  first  feeding.  Hunt  merely 
states  of  the  po.st -mortem  examination  that  the  stomach  was  well 
filled  and  that  the  "  walls  seem  normal." 

Hunt  tried  to  isolate  an  active  principle  by  the  Dragendorff 
method,  but  failed  to  obtain  any  physiologically  active  shakings. 
He  tried  hypodermic  injections  of  80  per  cent  alcohol  extractions  of 
the  fresh  green  plant,  and  after  the  injection  of  an  extract  correspond- 
ing to  CO  grams  of  the  fresh  plant  there  was  no  effect  produced.  He 
tried  to  induce  symptoms  by  feeding  the  plant  itself  to  rabbits,  but 
was  unsuccessful,  as  the  rabbits  refused  to  eat  the  plant.  He  was 
not  able  to  induce  symptoms  with  the  extracts  of  the  dried  plant," 

Marshall  *  studied  the  loco  question  with  regard  to  sheep  and  prac- 
tically denies  the  existence  of  a  locoed  condition  due  to  eating  the 
loco  plants,  but  believes  the  condition  due  to  bad  feeding,  parasitism, 
etc.  He  lays  great  stress  upon  the  pi-es^ence  of  worms,  but  fails  to 
see  that  they  may  be  merely  a  secondary  infection  superimposed 
upon  an  already  morbid  condition  produced  by  eating  the  plant.'i. 
■Others  have  claimed  that  the  cause  is  an  insect  living  upon  the 
loco  plants.  Others,  again,  have  suggested  an  analogy  with  trypano- 
some  disorders. 

■  Chesnnt  has  held  the  view  that  many  of  the  cases  of  so-called  locoed 
sheep  were  really  due  to  parasites,  hut  that  there  was  a  true  locoed 
condition  due  to  eating  the  loco  weeds. 

The  lack  of  agreement  in  the  results  of  the  investigators  has  caused 
many  to  doubt  any  positive  relation  between  the  plant  and  the  dis- 
ea.se.  and  even  as  lute  as  1904  Payne'  practically  says  these  diseases 
are  due  to  lack  of  nutrition  and  not  to  the  loco  plant.  The  matter 
has  been  summed  up  in  a  recent  work  as  follows: 

Tbougli  umny  cUemists  bnve  sou!,'1it  for  tlie  constituents,  none  have  been 
able  to  locate  tbe  active  pronertles.  tie  trace  of  alkaloids.  rcBtns,  volatile  and 
fixeil  cillH  bavins  eocL  In  tnrn  been  fiionil  destitute  of  It.  Yet  tbe  polaoDOHii 
properties  are  fiiUy  ei!ta)>llBtie«l  li.v  fleia  observations.  Ttie  destnictiveiiesia  of 
tliese  planla  to  stock  is  at>  Rii-nt  as  to  bave  prolinbly  caused  npwnrd  of  a  lull- 
lion  (lolltirs  loss  In  tlie  agfireKnIe.  nnil  lanie  lionntles  biive  l>een  ofTered  by  Slnte 
goverameuts  for  an  effective  nietliod  of  avoldluK  snt-'h  losties.  It  Is  considereil 
very  probable  lliat  tbe  |>olsouoii8  constituent  Is  albiiDilnoldal.^ 

"  rnpubllshed  rejiort. 

^MarBball,  H.  T.  T/>co  Weed  Disease  of  Slieep.  Johas  Hopkins  Hospital 
_!  Bui,,  vol.  iri,  |).  1S2.     I'.HH. 

« Payne.  J.  K.  Cattle  Itnislnf;  on  the  Plains.  Colo.  Agr\c.  Eipt.  Sta.  Bui. 
87.  p.  10.    IIHM. 

"•Xntlonnl  Standard  Dispensatory,  p.  SC8.    1005. 

Note. — Tbe  field  experiuienls  of  Hardlnjc  and  Tudor  are  ratber  coDcloslve 
as  to  tlie  relation  at  these  iiliints  to  this  disorder,  Snyre.  L.  E.,  Loco  Weed, 
Amer.  Vet.  Rev.,  vol.  11,  pp.  Wt-.'i.'i-l,  ISST — BInnklnsIilp,  J.  \V..  I»co  and  Some 
OtIier  Polsonons  Plauts  In  Montiinn,  Mont.  Agrlc.  Eii)er.  Stn.  Bui,  -15,  pp.  83-S4, 
ItKKt — I/jco  Disease,  Thernp.  Caz.,  vol.  12,  p.  30,  ISBS. 
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NOTES  ON  VABIOUS  HEKBEBS  OF  THE  LOCO-WEED  FAMILY. 

Astragalus  caryocarpits  is  at  times  eaten  in  some  of  the  Western 
States,  but  \s  claimed  by  some  at  certain  stages  of  its  growth  to  con- 
tiiin  a  poisonous  principle.  Frankforter,"  from  experiments  on  him- 
self, however,  denies  this. 

Astragalus  glycophyllus  has  been  used  as  a  diuretic  and  Astragalus 
exscapus  in  the  treatment  of  syphilis.*  "The  seed  of  A.  botticus, 
planted  in  Germany  and  England,  are  found  to  be  the  very  best  sub- 
stitute for  coffee  yet  tried,  and  so  used — roasted,  parched,  and  mixed 
with  coffee.""  Astragalus  nuttalUanua,  according  to  Smith,**  is  a 
highly  nutritious  forage  plant  in  spring.  Astragalus  crasskarpus 
has  been  prophesied  by  him  to  be  a  valuable  addition  to  early  spring 
soiling  crops.  Astragalus  adsurgens  (nitidun)  and  one  or  two  other 
species  of  Astragalus  are  still  used  in  Chinese  medicine.'  The  Indians 
of  the  Southwest  are  familiar  with  certain  loco  plants.'  The  Tewans 
of  Hano  are  said  to  eat  the  root  of  Aragallua  lamberti,  and  Astragalus 
moUissimus  is  applied  locally  for  headaches  by  some  of  the  Arizona 
Indians.  One  of  these  species. is  used  as  a  flavoring  material  by  the 
Coahuillas  and  is  mixed  with  other  plants  as  spices.'  Astragalus 
kentrophyta  had  a  reputation  among  the  Navajos  for  the  treatment 
of  rabies.*  The  use  of  certain  loco  plants — Astragalus  mollissimus — 
has  been  advocated  on  theoretical  grounds  in  the  treatment  of  certain 
forms  of  insanity,  but  without  favorable  results.'  In  Peru  and  Chile 
Astragalus  garhaneiUo,  A.  vnifultus,  and  A.  ochroleueus  have  been 
considered  injurious  to  animals.'  Astragalus  glyciphyllua  and  A. 
alpinus  have  been  used  in  Europe  as  food  for  stock." 

■I  Frank  forte  r,  G.  B.  A  Chemionl  Stiid;  of  Astragalus  Carrocarpiis.  Amer. 
Joura.  Phnriu.,  vol.  72,  p.  320.    11)00. 

'  MalscU,  J.  M.  Poisonous  Species  of  Astragalus.  Amer.  Jouro.  PLarni., 
vol.  51,  |J.  240.  1870.— fie n rot,  Chlmiques  t?t  I'hnrniaceutlques  sur  In  Rnciues 
d'Aelmgtilu  bads  Tlges.    Journ.  de  Chlui.  Med.,  vol,  10,  |i.  UlXi.    18:14. 

'  Popolier,  F.  P.    Resources  of  the  Soutliem  Fields  and  Forests,  p.  204.    18G0. 

*  Smith,  J.  U.  Fodder  mid  Foroge  Plauls.  U.  S.  Dept.  .4grlc.,  Ulv,  Agrost., 
Bui.  2  (rev.  ed.),  |>.  12.    1000. 

°Holuies,  E.  .M.  Note)*  uu  Chluese  Drugs,  Pharm.  Jouro.  nod  Trans.,  vol. 
21,  3  s.,  p.  114n.    1801. 

'Hough,  W.  Knvlronucntnl  Interrelations  la  Arizona.  Amer.  AnthroiKilo- 
giat,  vol.  11,  pp.  143,  147,     18»8, 

i*  Burrows,  I).  P.  Ethiio-Botaiiy  of  the  Coabullla  Indians  of  Southern  Call- 
fomlii,  p.  67.     1900. 

»  MnttJiews,  W.    Knvajo  Names  for  Plants.    Amer.  Nat,  vol.  20,  p.  772.    1880. 

'GIvens,  A.  J,  rj)co  or  Cra^y  \Vee<l,  Med.  Century,  vol.  1.  p.  21.  181B,~ 
Comimre  Hurd,  H.  M.    Amer.  Jouru.  Iiisiinlt.v,  vol.  42,  p,  178.    1SS5-86. 

f  Itosentlinl,  D.  A.  Syuopsls  Piantaruni  Dinphorlcnnim,  Erlangeu,  ISCl,  p. 
1004,  Gresborr,  M.  Reschrljvluic  d.  t'.lftige  en  Bedweimeude  I'lanten  bij  de 
VlscbviuiRst  In  Gehrulk,  p.  51.    1!)00. 

*■  Pott,  E.    llandb.  d.  tlerlsch.  Eruiihrung.  vol.  2,  i>.  113.    1007. 
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Details  as  to  the  use  of  other  Astragali  can  be  found  in  Planchon, 
G-,  Siir  les  Astragales,  in  Journal  de  Pharmacie  et  de  Chimie,  5th 
series,  vol  24,  p.  473, 1891 ;  5th  series,  vol.  25,  pp.  169,  233, 1892. 

LABOBATOBT  EXPE&IUEITTS— PHTSIOI.OQICAI.. 

The  first  point  in  our  investigations  was  to  determine  whether  the 
plant  exerted  any  poisonous  action  and  to  find  some  animal  which 
responded  regularly  to  it ;  then  to  ascertain  if  the  lack  ox  results  of 
previous  investigators  was  not  due  to  insufficient  doses,  and  later  to 
see  if  by  feeding  smaller  amounts  at  repeated  intervals  symptoms 
comparable  to  those  described  as  occurring  on  the  range  could  not  be 
produced.     The  animal  finally  selected  was  the  rabbit. 

EXPERIHENTS  OX    RABBITS. 


Experiment  No.  1. — On  September  8,  1905,  an  aqueous  extract  of 
333  grams  of  fresh  Astragalus  mollisaimm,  made  in  Hugo,  Colo., 
and  shipped  preserved  in  chloroform,"  killed  n  rabbit  weighing 
1,61G  grams  in  one  hour  and  thirty-five  minutes,  while  an  extract 
corresponding  to  1C7  grams  merely  caused  drowsiness  and  loss  of 
appetite  in  a  rabbit  weighing  765  grams. 

Experiment  No.  2. — On  November  29,  1905,  a  rabbit  weighing 
1,162.3  grams  was  fed  with  a  concentrated  aqueous  extract  of  500 
grams  of  fresh  Astragalus  moUissimus,  which  had  been  shipped  from 
Hugo,  Colo.,  preserved  in  chloroform  in  sealed  vessels.  This  animal 
died  in  one  hour  and  ten  minutes.  The  symptoms  consisted  in  dull- 
ness, rapid  respiration,  and  signs  of  pain.  At  autopsy  the  stomach 
and  upper  part  of  the  small  intestines  sliowed  hemorrhagic  ecchy- 
moses,  with  dilation  of  the  dural  vessels  of  the  brain  and  cord,  with 
a  clot  over  a  portion  of  the  spinal  cord. 

Experiment  No.  3. — On  February  13,  1906,  a  rabbit  weighing  992 
grams  was  fed  with  a  concentrated  aqueous  extract  of  500  grams  of 
the  fresli  Astragalus  moUissimus.  collected  in  September  and  pre- 
served in  chloroform  water.  Before  feeding,  the  rabbit's  ears  were 
warm  and  the  rabbit  struggled  when  any  attempt  was  made  to  turn 
him  on  his  back.  The  temperature  at  10,.50  a.  m.,  the  time  of  feeding, 
was  103.5'>  F. ;  at  11.15  a.  m.,  102.5°  F.  At  11.30  a.  m.  the  rabbit  was 
breathing  very  rapidly  and  would  stay  on  his  back  for  some  time  if 

■>  111  al!  cases  li)  wbieb  the  plants  were  preserved  with  cbtorofonu  senled 
vessels  were  used  for  cliipping.  The  chloroform  wns  onretiiUy  evai>omted  off 
in  vacuo  before  feedliiK  the  extract,  the  evaporation  requiring  Bcveral  bours. 
The  pliiiite  were  collected  by  Dr.  C.  Dwlgbt  Marsh,  lu  charge  of  the  field  fn- 
vestlgatloim  at  Htigo,  Colo. 
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placed  so.  The  temperature  at  this  time  was  102.6°  F.  Botli 
piipi1»,  the  one  exposed  to  the  light  and  tlie  one  protected,  were  con- 
tracteil.  At  12.02  p.  m.  convnI.sive  movements  of  the  legs  appeared. 
The  rabbit  made  one  leap,  the  temperature  rose  to  lOS.fi"  F.,  and 
after  &  few  convnlsive  movements  of  the  limbs  the  anns  relaxed  and 
a  small  stool  appeared,  the  pupils  dilated,  and  the  animal  died  at 
12.06  p.  m. 

Experiment  No.  i. — The  feeding  of  the  extract  of  404  grams  in- 
duced a  fall  in  temperature  of  2.4°  F.  in  three  hours,  and  the  rabbit 
died  several  hours  later  (at  night). 

Experiment  No.  5. — March  2,  1906,  a  rabbit  weighing  928  grams 
wft.s  fed  with  a  concentrated  extract  of  .500  grams  of  the  fresh  seeds 
and  pods  of  Astragalva  molUssimvs,  made  in  September,  1905,  and 
preserved  with  chloroform  water.  This  animal  died  in  one  hour  and 
seven  minutes.  The  animal  showed  the  usual  post-mortem  condi- 
tions. 

It  was  thus  found  that  the  aqueous  extract  of  500  grams  of  the 
fresh  Astragalus  molUssimvs  would  cause  death  in  about  one  hour 
in  rabbits  weighing  about  2  pounds  (907  gi'ams),  these  rabbits  show- 
ing constant  clinical  symptoms — urination,  paralysis,  more  or  less 
convulsive  muscular  twitchings,  often  terminating  in  general  convul- 
sions, drowsiness,  and  stupor,  with  more  or  less  anesthesia.  The 
pupils  at  the  time  of  death  were  often  unequal.  At  first  there  was 
usually  a  slight  rise  in  temperature,  but  this  was  soon  succeeded  by 
a  fall.  Often  there  were  soft  stools.  The  post-mortem  lesions  in 
these  cases  were  marked  congestion,  with  hemorrhages  in  the  stomach 
walls  and  a  secretion  of  thick  mucus.  The  portions  of  the  stomach 
walls  most  affected  were  the  dependent  portions  near  the  cardiac 
end.  The  intestines  showed  dilatation  of  the  blood  vessels.  The 
mesenteric  vessels  and  also  the  vessels  in  the  cerebral  portions  of  the 
duni  were  markedly  dilated:  in  some  cases  there  were  clots,  especially 
at  the  posterior  portion  of  the  brain,  between  the  cerebrum  and  the 
cerebellum.  At  times  there  were  clots  over  the  dorsal  poi-tiou  of  the 
cord.  On  cutting  into  the  brain  the  brain  .substance  itself  <lid  not 
appear  to  be  conge-sted.  The  cord  seemed  about  normal,  but  the 
vessels  of  its  membranes  were  well  marked.  The  other  organs  showed 
nothing  characteristic  macroscopically.  These  experiments  were  re- 
peated many  times  and  found  to  be  constant. 

These  acute  symptoms  were  likewise  produced  by  an  extract  of  500 
grams  of  the  fresh  AragaJhfs  latnherti  from  Arizona  preserved  in 
chloroform  water  (rabbit  weighing  1,!)98  grams).  An  aqueous  ex- 
tract of  l.W  grams  of  the  dried  Antragalus  moUhnlniuD"  frtmi  Im- 
perial, Xebr.  (1906),  caused  death  in  one  hour  and  fifty-eight  minutes 

from  dried  mnterlsl  were  made  at  WosblugtoD.  , 
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in  a  rabbit  weigliing  1,530  grains,  and  an  extract  of  100  grams  killed 
in  one  hour  and  twenty-two  minutes  a  rabbit  weighing  73fi  grams. 

An  aqueouH  extract  of  100  grams  of  the  dried  Astragalus  bigelovni 
induced  death  in  one  hour  and  thirty-eight  minutes,  the  rabbit 
weighing  1,502  grams. 

An  aqueous  extract  of  150  grams  of  Astragalus  nitidus  collected 
at  Woodland  Park,  Colo.,  in  1906  induced  death  in  three  hours  and 
five  minutes,  the  rabbit  weighing  1,672  grams. 

An  aqueous  extract  of  200  grams  of  the  dried  Astragalus  biauleatua 
caused  death  after  several  hours  (at  night),  th£  rabbit  weighing 
2,423  grams. 

In  certain  cases  this  production  of  acute  symptoms  was  not  entirely 
a  question  of  salt  action,  as  was  shown  by  certain  other  experiments. 
In  other  cases  salt  action  seems  to  be  the  important  factor,  so  that  the 
production  of  these  acute  symptoms  can  not  always  be  considered 
characteristic. 


Experiment  Xo.  6. — February  19,  1906,  a  large  gray  rabbit  weigh- 
ing 2,055.3  grams  was  fed  with  00  c.  c.  of  fluid  representing  the  con- 
centrated aqueous  extract  of  250  grams  of  the  fresh  Astragalus  mol- 
Jissimus.  collected  September  18,  1905,  and  preserved  in  chloroform. 
This  rabbit  was  very  hard  to  hold.  The  ears  rested  on  the  body.  The 
temperature  at  the  time  of  feeding,  1.30  p.  m.,  was  102.3°  F.  At  2.57 
p.  m.  the  animal  looked  dull  but  resisted  handling.  At  3.30  p.  m.  it 
urinated.  At  4.15  p.  m.  the  temperature  was  98.5°  F.,  the  pupils  were 
about  tlie  same  size  as  before  feeding,  and  the  animal  became  much 
duller.  The  next  day  at  12.50  p.  m.  the  temperature  was  102.4°  F., 
and  at  this  time  the  animal  could  be  handled  with  greater  ease.  The 
animal  ate  in  the  morning.  The  same  amount  of  extract  was  again 
fed  at  1,24  p.  m.  At  1.3.)  p.  m.  the  animal  was  much  duller  and  could 
be  turned  on  his  back  with  ease.  If  disturbed  he  ran  against  the  wall 
as  if  utterly  unconscious  of  the  obstruction.  The  animal  hud  soft, 
liquid,  brown  stools  and  tried  to  lie  down  as  much  as  pos.sible.  If 
turned  on  its  back  with  the  feet  up  it  would  stay  so  almost  indefi- 
nitely, Temijerature,  10;t.8°  F,;  respiration  very  rapid.  At  2.40  p.  ni. 
the  temperature  was  99,8°  F,.  and  the  animal  died  a  few  minutes  later. 
After  death  tlie  pupils  were  much  contracted.  The  vessels  of  the 
dura  covering  the  brain  were  much  dilated,  hut  the  vessels  inside  the 
brain  were  not  dilated.  The  stomach  walls  were  congested  and 
marked  with  numerous  petechia  and  covered  with  mucus. 

Experiment  Xo.  7. — On  February  19,  1906,  a  white  and  brown 
rabbit  whose  temperature  was  103.2°  F.  was  fed  30  e.  c.  of  aqueous 
fluid  representing  the  concentrated  extract  of  125  grams  of  the  fresh 
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Asiragahis  moUmimnn,  collected  September,  1005,  and  preserved  with 
chloroform.  The  rabbit  weighed  1,502.5  gramtv  This  extract  Avas 
fed  at  1.45  p.  ni.,  and  at  4.15  p.  m.  the  temperature  was  102.fi°  F..  but 
there  were  no  marked  symptoms.  The  following  day  at  2.04  p.  m.  the 
temperatui-e  registered  102..5°  F.  The  same  amount  of  extract  was 
given  at  2.00  p.  m.  The  temperature  at  4  p.  m.  was  90.8°  F.,  the 
animal  was  dull,  and  the  pupils  were  perhaps  a  little  smaller.  The 
animal  could  not  be  turned  over  without  resistance.  The  following 
day,  February  21,  at  l.SO  p.  m.  the  temperature  was  102.0''  F.,  and  at 
1.45  the  same  amount  of  extract  was  given.  At  1,54  p.  m.  the  animal 
was  much  duller  and  the  breathing  was  very  rapid.  At  4.10  p.  m. 
the  temperature  was  101..?°  F.  The  animal  had  been  dull  ever  wince 
the  feeding  was  begim.  It  nibbled  food  shortly  before  the  last  feed- 
ing. On  February  23  the  same  amount  of  extract  was  given  at  2.10 
p.  m.,  temperature  99°  F.  The  breathing  was  very  rapid,  the  ears 
shaking,  and  there  was  a  sleepy,  dull  look  about  the  animal.  At  3.30 
p.  m.  the  animal  was  dull,  but  would  still  walk  about  if  disturbe<l.  At 
this  time  the  antmal  weighed  1,44.'>.8  grams.  At  4,30  p.  m.  the  tem- 
perature was  102°  F.  and  the  pupils  were  about  normal  size.  There 
was  a  marked  sleepy  look  about  the  animal,  which  sat  quietly  in  its 
cage. 

February  24,  at  1  p.  m.,  the  animal  was  very  dull  and  could  with 
t'ase  be  turned  on  its  back  with  its  feet  in  the  air.  It  would  sit  in  its 
cage  perfectly  quiet.  The  weight  at  this  time  was  1,417.5  grams,  the 
temperature  flG.C°  F.  On  February  20  the  animal  weighed  l,3ti0.8 
grams.  It  was  dull  and  refu.-^d  to  eat.  The  abdomen  felt  very  dis- 
tended and  tympanitic.  February  27  the  weight  was  still  LiltiO.S 
grams,  and  the  animal  sat  in  its  cage  as  if  asleep,  with  eyes  half 
closed.  There  was  no  diarrhea  and  the  abdomen  was  very  distended. 
At  11.15  a.  m.  there  was  a  general  convulsion  and  the  animal  fell 
over.  At  12  m.  the  abdomen  seemed  even  more  swollen,  the  animal 
was  hardly  able  to  walk,  and  it  fell  over,  uttering  a  cry.  Pupilw  were 
about  normal — perhaps  a  little  smaller.  The  animal  died  at  12.10 
p.  m. 

The  past-mortem,  made  immediately  after  death,  showed  the  abdo- 
men markedly  tympanitic,  and  the  large  intestines  could  l>e  outlined 
through  the  alKlominal  walls  with  ease.  The  large  intestines  were  of 
a  chocolate  color,  intensely  ccmgested,  and  marked  with  hemorrhages. 
On  opening  the  abdomen  there  was  a  decided  putrefactive  odor,  and 
about  an  ounce  of  bloo<ly  fluid  was  found  in  the  jjentoneal  cavity, 
together  with  fibrin  flakes.  The  stomach  was  pale,  the  first  threo 
inches  of  the  small  intestine  up  to  where  it  turned  sharply  were  pale, 
anil  l>elow  this  the  intestines  were  injected  and  full  of  gas  and  of  a 
dark  red  color.     The  kidneys  were  3J  centimeters  long  and  were  pale, 
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capsules  easily  peeled  off;  cortex  pale.  Liver  pale  and  infected  with 
some  coccideac.  The  gall  bladder  was  one-quarter  inch  wide  and  one 
inch  long.  Spleen  a  trifle  pale;  lungs  pale,  nothing  abnormal;  henrt 
relaxed.  On  opening  the  stomach  gas  and  fluid,  with  -some  food, 
exuded.  The  walls  were  pale,  bnt  pink  in  some  places.  There  was 
no  marked  congestion  or  hemorrhage  or  jierforation.  The  mesenteric 
vessels  were  dilated.  The  upper  portion  of  the  intestines  contained 
a  little  mucus-like  fluid,  but  lower  down  became  bloody,  and  still 
lower  contained  pus-like  fluid.  The  walls  were  hemorrhagic.  The 
large  intestine  contained  r  soft,  fecal-like  fluid,  very  fonl.  Its  walls 
were  much  congested  and  full  of  hemorrhagic  points.  The  cortex  of 
the  suprarenal  bodies  was  sharply  defined,  the  medulla?  brownish. 
Brain  pale,  some  diiral  vessels  well  marked,  no  clots  or  hemorrhages. 
Base  of  brain  pale.  No  congestion  seen  on  cutting  into  the  brain. 
Spinal  cord  showed  no  hemorrhages  or  lymph  effusions. 

Experiment  No.  8.— On  February  18,  1900,  at  2  p.  m.,  a  rabbit 
whose  temperature  was  102.2°  F.  was  fed  with  the  aqueous  extract 
of  125  grams  of  fresh  Aatragaht»  moUhsimns,  collected  in  September, 
lS>Oi),  and  preserved  in  chloroform,  30  c.  c.  of  the  fluid  being  used. 
At  4.25  p.  m.  the  temperature  was  102.4°  F.  No  symptoms  were 
noted.  This  rabbit  weighed  1,644.3  grams.  On  February  20  at  2.0J) 
p.  m.  the  temperature  was  102.2°  F.  and  the  rabbit  showed  no  ^mp- 
toms.  The  same  dose  was  repeated  at  2.15  p.  m.  At  4  p.  m.  the  tem- 
perature was  100.3°  F.  The  rabbit  was  dull  but  could  not  be  turned 
over  without  a  struggle.  February  21  at  1.30  p.  m.  the  temperature 
was  101,4°  F.  The  same  amount  of  extract  was  fed  at  1.45  p.  m. 
At  this  time  the  animal  was  dull  and  breathed  more  rapidly.  At 
4.10  p.  m.  the  temperal^ure  was  97.3°  F.  Ne.xt  day  the  same  amount 
of  extract  was  again  given  at  2  p.  m.  At  2.16  p.  m.  the  breathing 
became  rapid  and  the  animal  duller.  The  ears  were  directed  for- 
ward. At  4.15  p.  m.  the  temperature  was  101.6°  F. ;  weight  1,757,7 
grams;  animal  slightly  dull.  February  24.  temperature  102°  F., 
weight  1,786  grams.  March  5,  weight  1,72!). 3  grams.  The  animal 
was  fed  at  3.20  p.  m.  with  a  concentrated  extract  of  123  grams  of 
Astragahis  moVhitlruva,  collecte<l  in  September.  Temperature  at 
time  of  feeding  100.4°  F.;  3.40  p.  m.,  no  symptoms;  4  p.  m.,  tempera- 
ture 102°  F.  March  7.  weight  \MA.Z  griuns:  March  8,  weight  1.PJ2.6 
grams;  March  10,  weight  1.701  grams;  March  12,  weight  1,658.4 
grams ;  March  14,  weight  1,701  grams. 

In  this  case,  where  the  same  dose  was  given  in  a  period  of  five 
days,  very  little  effect  on  the  rabbit  was  noted. 

Experiment  No.  9. — On  March  1,  1906,  n  black  rabbit  weighing 
2,664.8  grams  was  fed  with  a  concentrated  aqueous  extract  of  250 
grams  of  fresli  Astrat/alus  moUisaimun,  collected  in  the  fall  of  1903. 
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On  March  5  the  weight  was  2^96.3  grams.  The  animal  was  then 
given  the  same  amoimt  of  extract.  During  the  afternoon  it  passed 
muciis  and  thick  pieces  of  feces  and  was  dull;  respiration  very  rapid. 
March  6,  weight  2,:iH-2  grams;  March  7,  3  p.  m.,  animal  very  dull  and 
would  not  eat ;  sat  hunched  up,  but  resisted  heing  distui-bed ;  weight 
2.310..5  grams.  March  8,  weight  2,183  grams;  March  9,  weight 
2,000.5  grams.  Pupils  dilated;  finger  could  be  run  almost  against 
the  eye,  provided  the  lashes  were  not  touched,  without  the  animal 
winking  or  paying  any  attention.  Rabbit  ate  very  little  and  had 
not  urinated  .since  the  preceding  day.  Left  ear  had  fallen  to  the  side 
as  if  the  animal  were  unable  to  support  it.  Weight,  1,912.8  grams. 
From  March  9  to  March  11.  67  c.  c.  of  cloudy  urine  were  voided. 
This  did  not  clear  with  acetic  acid.  Left  eye  tearing.  March  10, 
head  held  to  right  side,  March  12,  weight  1,786  grams.  Left  pu- 
pil smaller  than  right,  neither  responding  to  light.  Rabbit  very 
weak.  March  14,  weight  1,729.3  grams.  Would  not  eat.  March  16, 
weight  1,644.3  grams.  Right  pupil  larger  than  left,  neither  respond- 
ing to  light.  Diarrhea  present.  Breathing  noisy.  In  sitting  down 
she  raised  herself  on  her  forelegs,  evidently  to  take  the  pressure  off 
her  abdomen,  which  was  distended.  If  disturbed,  she  would  butt 
against  the  side  of  the  cage,  apparently  oblivious  of  its  presence. 
Knee  jerks  were  very  active,  almost  a  clonus.  Reflex  from  tendo 
Achillis  active.  March  17.  forelegs  spread  out,  head  falling  to  left 
side.  The  temperature  had  fallen  below  94°  F.  and  would  not 
register  on  the  ordinary  clinical  thermometer.  The  ears  twitched,  the 
head  was  thrown  back,  the  abdomen  was  distended,  and  the  rabbit 
gritted  its  teeth.     Died.     Weight,  1,559.2  grams. 

Brain  and  spinal  cord  pale.  Dural  vessels  plainly  seen  but  not 
marked.  Intestinal  vessels  congested.  Stomach  pale;  nothing  appar- 
ent macroscopically  save  a  small  pin-point  ulcer."  Heart  relaxed. 
Post-mortem  examination  otherwise  negative  macroscopically. 

Experiment  No.  10. — A  mouse-colored  rabbit  weighing  1,927.8 
grams  was  fed  February  18,  1906,  at  2,26  p.  m.,  with  a  concentrated 
aqueous  extract  of  250  grams  of  fresh  Aittragalus  molUssimiis  col- 
lected in  September,  1905,  and  preserved  in  chloroform  water.  The 
temperature  of  this  rabbit  was  102.6°  F.  The  fluid  given  was  40  c.  c. 
At  2.45  p.  m.  the  rabbit  urinated  and  at  2.57  p,  m,  was  dull  and  the 
respiration  became  rapid.  The  animal  then  aborted  and  had  three 
young,  two  of  which  showed  some  movement  after  birth,  but  were 
apparently  premature. 

"  Compare  Pliinius,  W.,  Bezlebungen  d,  Geschwilrs  u.  d,  Eroslonen  tl.  Mngeus  z. 
d.  fuuktlonen.  Sttfrungen  u.  KraDkb.  d.  Dariues,  Arch.  f.  Verdaiiungsk,.  vol.  13, 
[111.  ISO.  270.  IfKIT,  and  Tixier,  \...  Aiit^nilea  Esper.  CnnaR-.  mix  Ulc^r,  du  Pylore. 
Comp.  Rend.  Hri>d.  Soc.  de  BloL,  vol.  32,  p.  IMl,  1007. 
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On  February  23  the  temperature  of  this  rabbit  was  102.9°  F.  at 
1.40  p.  ni.  She  was  then  fed  with  the  same  amount  of  the  extract 
as  before.  At  2.16  p.  m.  she  lay  down  and  became  much  duller;  left 
ear  fallen  to  side.  At  3.30  p.  m.  the  rabbit  was  unable  to  stand.  The 
pupil  of  the  eye  exposed  to  the  light  was  dilated.  The  animal  died 
without  a  struggle.  The  stomach  contained  much  bloody  mucus. 
In  the  dependent  jwrtion  of  the  .stomach  near  the  cardiac  end  were 
marked  petechia  in  the  walls,  with  bright-red  blood  in  the  stomach 
itself.  The  heart  was  relaxed.  The  intestines  showed  nothing  abnor- 
mal. The  dural  vessels  of  the  brain  were  dilated:  there  was  a  clot 
on  the  dura  over  the  fourth  ventricle.  Spinal  cord  and  kidneys  nor- 
mal, the  capsules  not  adhering.    Weight,  1,78C  grams  at  death. 

ExjH'riment  X<>.  11.— On  March  1,  1906,  a  rabbit  weighing  2,126.2 
grams  was  fed  with  a  concentrated  aqueous  extract  of  250  grams  of 
the  fiesh  Aragalhis  lamherti  preserved  in  chloroform  water.  On 
March  o  this  dose  was  repeated,  37,5  c.  c.  of  the  fluid  being  used. 
March  (>  the  rabbit  weighed  1,956  grams;  March  7,  1,913.6  grams; 
March  8,  1,828.5  grains;  March  9,  1,701  grams;  March  12,  1,672.6 
grams;  March  l-l,  1.644.3  grams. 

Expei-iment  Xo.  12. — January  19,  1906,  a  concentrated  aqueous  ex- 
tract of  500  grams  of  the  fresh  Aragallus  larnherii  preserved  with 
chloroform  water  was  fed  to  a  rabbit  weighing  785  grams.  The  tem- 
perature at  12,10  p.  m,,  the  time  of  feeding,  was  101.6°  F.  The  tem- 
perature 1  hour  and  43  minutes  later  was  94.6°  F.,  and  the  animal 
died  shortly  after,  showing  the  same  condition  as  occurred  after  feed- 
ing extracts  of  Astragalus  moUiaaimits. 


Experiment  Xo,  13. — A  large,  gray,  pregnant  rabbit  weighing  2391.6 
grams  was  fed  on  February  2'i,  1906,  with  42  c.  c.  of  fluid,  correspond- 
ing to  the  aqueous  extract  of  250  grams  of  Axfragahis  molUssimuH 
collected  in  September  and  October,  1905,  and  preserved  with  chloro- 
form. At  4  p.  m.  the  animal  was  dull,  but  still  resisted  efforts  to 
handle.  On  February  24  this  animal  weighed  2,778.2  grams,  and  on 
Februaiy  20  it  boie  a  litter  of  seven  young  rabbits.  One  or  two  of 
these  showed  movements  of  the  limbs,  but  were  apparently  immature. 
This  rabbit  on  March  10  weighed  2,537.3  grams;  March  12,  2,438 
grams:  March  14,  2,508.9  grams;  March  22,  2,494,7  grams, 

Ex/tei'iiMct't  Xo.  14. — On  March  1,  IflOfi.  a  black  rabbit  weighing 
2.721.6  grams  was  fed  at  12.15  p.  m.  with  a  concentrated  aqueous  ex- 
tract of  250  grams  of  the  fresh  Astragahtx  molVissimus  collected  in 
September,  1905.  On  March  2  it  weighed  2.438  grams;  at  2.58  p.  ni. 
it  still  resisted  efforts  to  turn  it  on  its  back:  at  3.15  p.  m.  it  could  be 
turned  on  its  back  with  ease.    March  6  the  weight  was  2,338.8  grams ; 
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March  7  the  animal  was  very  dull,  would  not  eat,  pupils  dilated,  hind 
legs  paralyzed ;  died  during  the  night ;  weight,  2,267.9  grams. 

The  stomach  walls  were  pale  save  at  the  dependent  portion  near 
the  cardiac  end,  where  there  was  a  hemorrhagic,  ulcerated  area  about 
1 J  by  1}  inches.  The  intestines  were  full  of  gas,  but  not  hemorrhagic. 
The  uterus  contained  eight  immature  fceti.  The  uterine  walls  were 
hemorrhagic.  The  kidneys  weighed  9J  grams;  their  medullee  were 
dark  and  the  straight  tubules  well  defined.  Tlie  cerebral  dural  ves- 
sels were  congested  and  the  spinal  dural  vessels  were  well  defined. 
The  bladder  was  found  contracted.  The  blood  gave  no  bands  for 
niethicmoglobin,  but  showed  merely  those  of  oxyhemoglobin  on  spec- 
troscopic examination. 

Experiment  \o.  15. — Control  experiments  made  by  feeding  water 
were  negative,  except  when  a  large  quantity  {150  c.  c.)  of  water  was 
given  to  a  rabbit  weighing  1,020..^  grams.  The  animal  died  in  12 
hours  with  marked  pallor  of  the  tissues  (hydreemia),  a  pathological 
condition  quite  different  from  that  obtained  by  feeding  extracts  of 
the  loco  plants,  and  no  such  results  were  secured  with  the  amount  of 
water  used  in  our  feeding  experiments.  50  to  70  c.  c. 


E.rpei-lmeHt  Xo.  16. — Oti  February  28,  1906,  a  white  rabbit  weigh- 
ing .581.2  grams  was  injected  subcutaneously  at  10.35  a.  m.  with  a  con- 
centrated aqueous  extract  of  83  grams  of  fresh  Astragalus  mollissimus 
collected  in  September,  1905,  and  preserved  with  chloroform.  The 
temperature  before  injection  was  lt)2,l°  F.  At  1.40  p.  m.  the  animal 
was  dull ;  at  3.12  p.  m.  the  temperature  registered  99.8°  F.  The  ani- 
mal died  during  the  night.  The  post-mortem  examination  was  nega- 
tive. Stomach  pale;  heart  relaxed  save  left  ventricle,  which  seemed 
contracted;  dural  vessels  of  tlie  brain  dilated;  kidneys  perhaps  nor- 
mal.   No  microscopical  examination. 

Expennunt  Xo.  J7.— February  28,  1906,  at  10.2.J  a.  m.,  a  guinea 
pig  weighing  4i>0  grams  was  injected  subcutaneously  with  a  con- 
centrated aqueous  extract  of  83  grams  of  the  fresh  Astragalus  molUs- 
tiiiiiis  preserved  in  chloroform  water.  At  1.40  p.  ni.  there  was  mus- 
cular twitching.  The  animal  was  dull  and  could  be  easily  turned 
on  his  back.  The  hind  legs  began  to  show  weaknes.s.  At  1.50  p.  m, 
the  hind  legs  were  almost  completely  paralyzed  and  the  animal  could 
lie  easily  turned  on  his  back.  Muscles  of  the  limbs  twitched  and 
semen  was  expelled.     Animal  died  at  2.15  p.  m. 

Post-mortem  showed  dural  vessels  of  cord  and  brain  full  of  blood. 
Stomach  pinker  than  nornial:  mesenteric  vessels  dilated.  Heart 
,  almost  empty  of  blood.     Kidneys  congested. 
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These  experiments  indicate  that  an  acute  form  of  poisoning  may 
be  induced  .by  feeding  concentrated  aqueous  extracts  of  Astragalus 
moUhsimua  and  Aragallus  lamherti  from  Hugo,  Colo.,  and  Imperial, 
Xebi'.,  to  rabbits,  and  that  if  the  extract  is  given  in  smaller  and  re- 
peated doses  a  more  prolonged  or  chronic  condition  may  follow. 

The  rabbits  showing  the  chronic  eifects  of  these  plants  exhibit 
symptoms  which  have  a  marked  parallelism  with  those  reported  as 
occurring  in  larger  herbivora  (horses  and  cattle)  on  the  range  when 
locoed;  that  is,  the  loss  of  appetite  (Experiment  No,  9),  the  ema- 
ciation and  loss  in  weight  (Experiment  Xo.  9),  the  dullness  and 
stupor,  with  more  or  less  anesthesia  (Experiment  Xo.  7),  the  dis- 
turbance in  the  visual  function  (Ex|>eriment  No.  9),  and  the  mental 
symptoms  (Experiment  No.  6).  The  occasional  abortion  compares 
with  what  has  been  observed  in  larger  animals.  The  dried  Astraga- 
lus molisshnus  and  Aragallus  lamherti  still  retained  their  poisonous 
properties,  as  we  were  able  to  kill  with  aqueous  extracts  of  the  dried 
plants  made  in  the  laboratory  under  the  proper  conditions. 

EXPERIMENTS  ON   SHEEP. 

Experiment  No.  l.—On  May  31,  1906,  a  sheep  weighing  32.2  kilos 
was  fed  with  a  concentrated  aqueous  extract  of  1,000  grams  of  the 
fresh  Astragalus  moUissimus  preserved  in  chloroform  water.  The 
temperature  at  11  o'clock,  the  time  of  feeding,  was  103.4°  F.  At  11.45 
a.  m.  this  di)se  was  repeated.  At  12  o'clock  the  temperature  was 
104.1°  F.  At  12.45  the  animal  urinated.  At  1.10  p.  m.  a  similar 
cttrnct  of  2.000  grams  was  fed.  The  total  liquid  U!«d  was  1,500 
c,  c.  On  June  1  no  symptoms  were  noted.  On  June  5  an  extract  of 
3,000  grams  of  fresh  Aruyalhis  lumbertl  and  3,000  grams  of  Ax- 
tragahts  inolUsaimus  was  fed.  After  feeding  this  the  animal  could 
be  ea.sily  turned  over  on  its  back  and  its  ear  pricked  with  impunity. 
The  animal  at  this  time  weighed  30.8  kilos.  On  June  6,  at  11  a.  m., 
the  temperature  was  104°  F.  The  sheep  had  numerous  soft  stools, 
and  was  very  dull,  and  would  not  eat.  On  June  7  the  temperature 
was  103.7°  F,  and  the  sheep  still  refused  to  eat.  On  the  8th  the  tem- 
perature was  103.2°  F.  at  10.40  a  .m,,  and  the  stools  were  still  numer- 
ous and  soft. 

There  were  then  fed  640  c.  c,  representing  tlie  aqueous  extract  of 
4.000. grams  of  the  fre.sh  Aragallus  lamherti.  The  animal  could  be 
easily  turned  on  its  back.  It  weighed  at  this  time  28.57  kilos.  On 
June  9,  at  10.47  a.  m.,  the  temperature  was  103,4°  F.  The  sheep 
still  did  not  eat.  but  had  no  diarrhea.  It  now  weighed  27.9  kilos, 
and  the  temperature  was  103'  F.  at  10.45  a.  m. 
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On  June  13  the  animal  began  to  eat,  and  1,700  c.  c.  of  fluid,  repre- 
senting 5,500  grams  of  the  fresh  Aragallus  lamherti,  were  fed.  The 
temperature  at  12.30  p.  m.  was  103°  F.  On  June  14  the  temperature 
was  103.4°  F.,  the  animal  weighed  28.3  kilos,  and  refused  food.  On 
June  IC  the  weight  was  28.3  kilos;  the  temperature  at  2  p.  m.  was 
103.5°  F.    There  was  no  diarrhea. 

On  June  19  the  aqueous  extract  of  1,000  grams  of  the  dried  Astra- 
galus mollissimua  was  fed  with  420  c.  c.  of  water.  The  temperature 
was  102.6°  F.  On  June  20  the  temperature  was  102.9°  F.  at  10.45 
a.  m. 

On  June  21  5Q0  c.  c,  representing  the  aqueous  extract  of  1,000 
grams  of  the  dried  Astragalus  mollisstmtis,  were  again  fed.  The  ani- 
mal now  weighed  26.9  kilos.  On  June  26  the  animal  weighed  26  kilos, 
and  its  gait  was  very  uncertain.  The  temperature  was  104.2°  F.  It 
was  fed  300  c.  c.  of  fluid,  representing  the  extract  of  400  grams  of 
the  dried  Astragalus  moUissimus.  On  June  29  the  animal  weighed 
26.8  kilos  and  the  temperature  was  102.8°  F.  It  was  fed  the  extract 
of  1,000  grams  of  dried  Astragalus  mollissimus  in  500  c.  c.  of  water. 
On  June  30,  at  10.45  a.  m.,  the  temperature  was  104.2°  F.  The  ani- 
mal was  very  dull  and  died  at  night. 

At  autopsy  the  intestines  and  stomach  merely  appeared  pale.  There 
were  no  worms,  and  the  lungs  and  other  organs  appeared  normal. 

Experiment  No.  2. — A  lamb  weighing  15.4  kilos  was  fed  on  July 
6,  at  1. 10  p.  m.,  with  640  c.  c.  of  fluid,  representing  the  extract  of 
2.000  grams  of  Astragalus  mollissimvs.  At  1.17  p.  m.  the  animal 
could  be  turned  on  its  back,  and  it  regained  its  feet  with  difficulty. 
At  1.24  p.  m.  it  urinated  and  had  a  stool.  The  lamb  died  during  the 
night. 

The  autopsy  the  following  morning  showed  the  heart  filled  with 
clots;  lungs  normal  save  for  hypostatic  congestion.  The  cerebral 
and  dura]  vessels  were  dilated.  About  IJ  teaspoonfuls  of  bloody 
serum  were  found  at  the  base  of  the  brain.  There  was  none  in  the 
lateral  ventricles,  and  no  clots.  The  kidneys  exhibited  no  marked 
congestion.  There  was  no  fluid  found  in  the  peritoneal  or  the  pleural 
or  pericardial  cavities.  The  first  stomach,  however,  contained  small 
hemorrhagic  spots,  and  the  second  was  black.  There  were  small 
hemorrhages  in  the  int.estines. 

Expenment  No.  3. — July  13,  1906,  a  sheep  weighing  19.5  kilos 
was  fed  with  640  c.  c.  of  fluid,  representing  the  extract  of  2.000 
grams  of  Aragallus  lamberti.  The  temperature  at  the  time  of 
feeding,  1.10  p.  m.,  was  105.3°  F.  At  1.49  p.  m.  the  sheep  could  be 
easily  turned  on  its  back.  At  2.23  p.  m.  the  temjjerature  was  103.6°  F. 
At  3.42  p.  m.  the  temperature  was  103.5°  F.  At  4.20  p.  m.  the 
respiration  was  fairly  rapid.     On  July  14,  at  11.15  a.  m.,  the  tempera- 
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tiire  was  103.6°  F.  The  sheep  would  run  about  but  could  easily 
be  turned  over.  It  had  not  eaten,  but  there  was  diarrhea  present, 
July  15,  at  3.30  p.  m.,  the  temperature  was  104°  F.  The  animal 
had  eaten.  On  July  17  the  temperature  was  104°  F.  and  the  animal 
weighed  18.8  kilos.  On  the  27th  it  weighed  17.2  kilos;  on  August 
29,  20.8  kilos. 

Experiment  No.  4- — A  Iamb  weighing  19  kilos  was  fed  August  21. 
1906,  with  740  c.  c,  representing  the  aqueous  extract  of  2,500  grams 
of  the  fresh  Astragalus  moUmimm,  shipped  to  Washington  in  Sep- 
tember, 1905,  This  animal  ate  at  night,  but  the  following  day  was 
dull.  When  seen  on  August  27  there  was  diarrhea  present  and  the 
tinimal  was  still  dull.  On  the  28th  the  animal  died,  weighing  1C.7 
kilos.    There  was  no  autopsy  on  account  of  decomposition. 

Experiment  No.  5. — A  lamb  weighing  15.C  kilos  was  fed  on  Sep- 
tember 4,  190C,  with  an  aqueous  extract  representing  3.500  grams  of 
tlie  dried  Aragallvs  lamberti,  1,000  c.  c.  of  water  being  used.  The 
temperature  at  the  time  of  feeding  was  104.3°  F.  At  2.48  p.  m.  the 
animal  on  rising  to  its  feet  developed  a  slight  tremor  of  the  fore  legs 
and  showed  marked  disinclination  to  stand  on  its  feet.  The  tempera- 
ture was  104°  F.  The  animal  died  at  4.2.")  p.  m.  The  post-mortem 
was  negative,  save  for  some  reddening  of  the  second  stomach." 

These  feeding  experiments  in  sheep  can  not  be  considered  quantita- 
tive, because,  as  is  shown  later,  aqueous  extracts  of  dried  plants  are 
often  inactive,  yet  poisonous  principles  may  be  obtained  from  the 
plants  by  treatment  with  digestive  fluids. 

Extracts  of  dried  loco  plants  vary  much  in  their  toxicity;  with 
some  the  writer  was  unable  to  kill  rabbits,  even  when  an  extract  of 
300  grams  of  the  dried  plant  was  used.  It  is  interesting  to  note  that 
when  the  field  station  was  established  at  Hugo,  Colo.,  in  1905.  almost 
all  the  aqueous  extracts  of  dried  specimens  sent  to  Washington  would 
produce  the  acute  symptoms  of  poisoning  in  rabbits,  hut  during  the 
third  season  of  its  existence  many  of  the  samples  sent  from  the  same 
area  were  much  less  active,  if  not  inactive. 

LABO&ATOKT  EXFEBTUEHTS— CBEMICAI.. 

The  fact  that  the  aqueous  extract  of  500  grams  of  the  fresh  An- 
tragaliia  moUinxlmun,  or  of  200  grams  (in  some  cases  100  grams)  of 
the  dried  plant,  when  fed  by  mouth,  would  regularly  kill  a  rabbit 
weighing  about  907  grams,  with  certain  definite  clinical  symptoms 
and  pathological  lesions,  was  at  first  arbitrarily  selected  as  our  test 

"  There  was  H  Bllglit  odor  of  cbloroform  noticed  on  openlnfc  the  stoDiacb.  iv> 
that  pecbnim  tbe  Imperfect  removal  of  tlie  cbloroform  due  to  a  hurried  evopora- 
tion  of  tbe  extract  should  be  tahea  into  consideration  In  this  case. 
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to  aid  in  the  isolation  of  the  active  principle.  Later  the  production 
of  chronic  symptoms  bv  the  aqtieows  extract  or  digrestion  of  -200  granii^ 
of  these  dried  plants  given  in  doses  of  100  grams  each  on  two  suc- 
cessive days  was  considered  essential,  Camivora,  such  as  dogs  and 
cats,  vomit  so  easily  as  to  render  them  unsuitable  for  these  investi- 
gations. The  aqueoHs  e.xtract  was  distilled  with  and  without  steam, 
also  after  acidifj'ing  with  sulphuric  acid,  and  likewise  after  the 
addition  of  magnesium  oxid,  but  in  all  cases  the  distillate  was 
inactive. 

The  concentrated  aqueous  extract  was  shaken  by  the  Dragendorff 
method  with  petroleum  ether,  benzol,  chloroform,  ether,  and  ainyl 
alcohol,  both  in  alkaline  and  acid  condition,  but  the  shakings  yielded 
no  physiologically  active  body.  Shakings  by  the  Otto-Stas  method 
also  proved  inactive.  Lead  acetate,  lead  subacetate,  silver  nitrate, 
mercuric  chlorid,  alcohol,  phosphotungstic  acid,  trichloracetic  acid, 
ammonium  hydrate,  sodium  carbonate,  sodium  hydrate,  Mayer's  solu^ 
tion,  uranyl  acetate,  silver  oxid,  and  barium  carbonate  also  failed  to 
remove  the  active  constituent.  They  gave  heavy  precipitates  in  all 
cases,  but  these  proved  inactive.  Hydrocyanic  acid  was  sought  for 
with  negative  results.  The  pathological  lesions  in  the  very  acute 
cases  suggested  in  some  respects  oxalic  acid,  a  saponin,  a  metal,  or 
perhaps  a  toxalbumin  as  the  active  principle,  but  none  of  the  pre- 
cipitants  for  saponins,  such  as  lead  and  copper,  or  the  magnesium  o."Cid 
method  yielded  a  body  which  was  active.  Proteids  were  excluded 
by  the  fact  that  the  various  proteid  precipitants— -alcohol,  trichlor- 
acetic acid,  lead  subacetate,  mercuric  sulphate  or  chlorid,  and  salting 
out  with  ammonium  sulphate  and  sodium  chlorid  (complete  satura- 
tion and  half  saturation) — failed  to  give  an  active  precipitate.  Glu- 
CDsidal  or  alkaloidal  bodies  were  also  excluded.  On  dialysing  for 
twenty-four  hours,  some  of  the  active  principle  went  into  the  dialysate 
and  some  remained  in  the  dialyser.  Ether  yielded  a  precipitate  from 
alcoholic  solution  which  failed  to  kill.  The  possibility  of  the  activity 
of  the  plants  being  due  to  its  normal  acidity  was  excluded  by  neutral- 
izing the  e-xtract  with  sodium  hydrate  and  precipitating  the  salts 
with  alcohol.     The  filtrate  proved  active  after  removing  the  alcohol. 

The  negative  results  in  looking  for  active  alkaloidal,  or  glu- 
cosidal,  or  proteid  bodies  suggested  that  perhaps  the  action  was  due 
to  some  inorganic  constituent.  The  writer  then  boiled  the  extract 
three  minutes  and  as  the  filtrate  was  still  found  active  and  the  proteid 
precipitate  inactive  became  convinced  of  the  inorganic  nature  of  the 
active  constituents,  and  finally  incinerated  the  plant.  The  acid 
extract  from  this  was  also  active,  but  <leath  was  delayed  several 
hours.     This  was  believed  to  be  due  to  the  insoluble  fonn  into  which 
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the  compoiiiul  \v»s  converted."  In  fact,  the  question  of  solubility 
and  the  avoidance  of  an  acid  reaction,  which  of  itself  may  kill,  are 
the  main  points  to  keep  in  mind. 

These  experiments  indicated  that  the  injurious  action  toward 
rabbits  of  the  Astragalus  moUissimun  and  Aragallus  lamberfi  col- 
lected nt  Hugo,  Colo.,  was  due  to  one  or  more  inorganic  constitu- 
ents,* but  it  does  not  follow  that  all  loco  plants  have  the  same  poison- 
ous principle  nor  that  the  same  species  occurring  on  alt  soils  has  the 
same  poisonous  action.* 

Of  Astragalus  mollissimus  from  Imperial,  Nebr.,  collected  in  1906, 
200  grams  were  ashed  in  a  platinum  bowl  and  extracted  with  water. 
This  aqueous  extl-act  when  neutralized  produced  no  marked  symp- 
toms in  a  rabbit  and  the  weight  of  the  animal  remained  about  the 
same. 

The  ash  undissolved  after  this  extraction  was  then  treated  with 
Acetic  acid  and  water  overnight,  and  after  carefully  evaporating  off 
the  acetic  acid  on  the  bath  (tested  by  litmus  paper)  the  residue  was 
fed,  partly  in  solution  and  partly  suspended  in  water,  to  a  rabbit 
weighing  1,800.2  grams.  Next  day  the  rabbit  weighed  1,771.8  grams, 
showed  paralysis  of  the  limbs,  and  died  during  the  morning.  The 
stomach  was  infen-sely  reddened  and  contracted. 

An  extract  of  a  similar  ash  was  made  by  boiling  the  same  amount 
with  a  large  quantity  of  94  per  cent  alcohol.  This  was  evaporated 
in  vacuo  and  taken  in  water  and  fed  to  a  tabbit  weighing  1,459.9 
grams.  On  the  sixth  day  the  animal  died,  having  lost  70.9  grams  in 
weight.     The  stomach  showed  reddening  but  no  ulcers. 

An  acetic  acid  aqueous  extract,  made  from  the  ash  after  the  alco- 
holic extraction,  proved  inactive,  showing  that  the  alcohol  had  re- 

"  Work  Is  now  being  doue  by  the  writer  on  tbe  Inorganic  constituents  of 
various  plants. 

'Scattered  througbont  the  veterinary  literature  one  finds  cases  of  poisoning 
In  nniuials  with  symptoms  sinillnr  to  those  occurring  In  locoed  nnlmals  whicb 
are  attributed  to  eatlnn  plants  grown  on  a  peculiar  soil,  as  In  Oserow,  I'eber 
Krankb.  d.  Pferde.  welche  AebnIlcbkelt  mit  der  Cerebro-splnnl  meningitis  taaben, 
aber  durcb  Verglfluugen  mlt  (Irflsern  von  Salzgrilnden  (.SulEniooren)  verur- 
sacht  werden,  Jouni.  f.  Allgeui.  Vetetlnilr-Medldn.  St.  PeterBbiirg.  p.  48G, 
lOOC.  Abstract  iu  Jnhreeber,  Ilber  d.  T^lstuiigeu  nuf  dem  Geblete  d.  VeterinSr- 
Medlcln,  vol.  20,  |i.  220.  1!)0G.— Com[>arc  also  Ktudc  sur  Quelques  Plantes 
Veneneuses  des  Regions  Cnlcalres.  Bui.  Soc.  Cent,  de  Med.  A'et.,  vol.  48,  p.  3iS. 
1804. 

"  After  completing  this  work  the  writer  found  that  Sayre  had  said  that  he 
"had  tbe  snggestlon  that  the  hnnn  coming  from  this  pliint  Is  due  to  the  In- 
organic constituents:  tbis  clue  bas  been  followed  up,  but  like  the  others  has 
brought  us  no  uenrpr  to  the  solution  of  the  problem."  Kans.  Acad.  Scl.  Trans., 
vol.  IS,  p.  144.    iao3. 
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moved  the  active  bodies.  A  70  per  cent  alcohol  extract  of  another 
ashed  lot  proved  active,  killing  the  rabbit  overnight. 

Of  Aatragal-ita  molliasimus  from  Imperial,  Nebr,,  200  grams  were 
ashed  in  a  platinum  bowl  and  the  ash  treated  with  acetic  acid  water. 
After  freeing  from  acid,  one  half  of  the  solution  and  emulsion  was 
fed  one  day  and  the  second  half  fed  the  following  day.  The  rabbit 
at  the  time  of  feeding  weighed  1,275.7  grams.  Fourteen  days  later 
the  animal  died,  weighing  1,106.6  grams.     No  autopsy. 

A  similar  extract  of  the  a-sh  from  between  100  and  150  grams  of  the 
same  dried  plant  produced  death  in  a  rabbit  weighing  1,190  grams  in 
two  hours  and  fifty-eight  minutes. 

The  acetic  acid  extract  of  the  ash  of  125  grams  of  a  mixture  of  the 
dried  Astragalus  mollissimus  and  Aragallua  lamberti  received  from 
Hugo,  Colo.,  June,  1907,  after  freeing  from  acid,  was  fed  to  a  rabbit 
weighing  1,304  grams  on  July  29.  On  July  30  it  weighed  1,332.4 
grams.  August  1  it  weighed  1,219  grams,  and  it  died  the  same  day. 
The  stomach  was  reddened  and  showed  ulcers. 

A  similar  extract  from  250  grams  of  the  same  dried  plants  on  boil- 
ing gave  a  heavy  precipitate,  but  this  precipitate  was  inactive,  while 
the  filtrate  killed  a  rabbit  in  four  hours. 

Of  dry  AragaUue  lamberti  collected  in  September,  1906,  200  grams 
were  extracted  with  water  and  fed  to  a  rabbit  weighing  1,516.7 
grams.  Two  days  later  the  animal  weighed  1,360  grams  and  died  the 
same  day. 

The  ash  from  200  grams  of  the  same  dried  plant  was  extracted 
with  acetic  acid,  and  after  evaporating  off  the  acid  this  was  fed  to  a 
rabbit  weighing  2,045.3  grams.  Seven  days  later  the  animal  weighed 
1,729.3  grams,  having  lost  316  grams  in  weight. 

The  ash  from  250  grams  of  the  same  species  of  plant,  after  similar 
treatment  with  acetic  acid,  induced  death  in  a  rabbit  weighing  2,069 
grams  in  2  hours  and  20  minutes.     The  stomach  was  inflamed. 


r  OF  THE  AQUEOUS  EXTKACT  OF  ASHBR  LOCO  PLANTS. 

The  filtrate  from  the  ash  from  200  grams  of  dried  Aatragalvs  mol- 
Iwsimus,  from  Imperial,  Nebr.,  after  similar  treatment  with  acetic 
acid  water  and  freed  from  free  acid,  killed  a  rabbit  in  several  hours. 

Hydrochloric  acid  also  rendered  the  toxic  agent  of  the  ash  soluble 
in  water,  but  proved  unsuitable  for  our  work,  as  it  was  found  impos- 
sible to  obtain  neutral  residues  by  mere  evaporation  on  the  bath.  At 
first  one  of  the  hea\'y  metals  or  members  of  the  HjS  group  '  was  sus- 
pected, but  on  passing  HjS  into  the  slightly  acid  extract  of  the  ash  no 

"  Swala,  R,  B„  and  HnrklDS,  W.  D.  Arsenic  in  Vegetatloa  ExpoRed  to  Smeiter 
Smoke.  Jourii.  Amer,  Chem.  Soc.,  voL  30,  p.  BLI.  ]908.~HarklnB,  W,  D.,  and 
Swain,  B.  R,  The  Chronic  Arsenical  Poisoning  of  Herbivorous  Aniouile. 
Jonrn.  Amer.  Chem.  S^k-.,  vol.  30,  ij.  028,  lliOS.  ,--  . 
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active  precipitate  resulted,  but  the  filtrate  remained  active."  A  spe- 
cial Marsh  test  was,  however,  made  for  arsenic  and  antimony  with 
negative  results.  A  test  for  tungsten  wiUi  zinc  and  hydrochloric 
acid  proved  negative. 

Members  of  the  ammonium  sulphid  group  were  then  suspected, 
but  while  ammonium  hydrate  alone  gave  a  heavy  white  precipitate, 
this  precipitate,  as  also  the  black  one  with  ammonium  sulphid,  proved 
inactive  save  when  not  thoroughly  freed  from  acid  (used  for  solu- 
tion). The  action  of  this  ammonium  sulphid  precipitate  on  rabbits 
was  watched  for  sixteen  days,  but  without  result.  Nevertheless,  the 
writer  still  suspected  some  of  the  rare  earths.* 

Sestini '  had  found  that  if  certain  plants  were  nourished  with  a 
solution  of  a  beryllium  salt,  in  the  ash  of  these  plants  could  be  shown 
the  presence  of  beryllium. 

Two  grams  of  beryllium  chlorid  were  fed  in  aqueous  solution  to  a 
rabbit  weighing  1,800.2  grams.  In  four  days  this  animal  lost  241 
grams  and  died.  The  stomach  showed  the  same  general  pallor  seen 
in  chronic  locoed  rabbits,  but  no  ulcers.  The  tests  for  beryllium  by 
Sestini's  method^  however,  failed  to  show  beryllium  in  the  active  loco 
plants  examined. 

Thorium  chlorid,  cerium  chlorid,  and  lanthanum  chlorid  in  2-gram 
doses  and  zirconium  chlorid  in  3-gram  doses  produced  no  chronic 
symptoms  in  rabbits  or,  in  fact,  any  disturbance.  Titanium  chlorid, 
2.5  grams,  evaporated  in  the  air  and  then  fed  in  an  emulsion  to  a 
rabbit,  also  proved  inactive,  but  this  inactivity  may  have  been  due  to 
its  insolubility. 

Thallium  nitrate  c.  p.,  in  aqueous  solution,  in  2-gram  doses,  killed 
a  rabbit  weighing  2,154.6  grams  in  two  hours  and  fifteen  minutes. 
The  stomach  in  this  case,  while  pink,  was  not  hemorrhagic 

Zirconium  chlorid  has  an  astringent  taste,  and  if  fed  repeatedly  will 
cause  the  metallic  astringent  action.  On  boiling  an  acetic  acid  solu- 
tion of  the  ash  with  sodium  acetate  a  precipitate  formed.*" 

The  presence  of  zirconium  was  thus  suspected  and  Dr.  E.  C.  Sulli- 
van, of  the  United  States  Geological  Survey,  estimated   it  to   be 

••A  aimllar  extract  was  sent  to  tbe  Bureau  ot  Cbemletry,  and  that  Burbo 
also  reported  an  absence  of  the  elements  of  the  HiS  gronp. 

o  Bachem,  C.  PharmakoloKiacbes  fiber  einige  Edelerdea.  Arch.  Intemat  de 
Phannacodyn.,  vol,  17,  p.  3«3.    1907. 

I'Sefltlnl,  P.  Baper.  d<  Vegetas.  del  Frumento  con  SostltuB.  della  Glndna 
nllQ  Magnesia.  Staz.  Sper.  Agrar.  Itnl.,  vol.  20,  p.  256.  18»1.— Dl  alcnni  BH^ 
mentl  Cblmlcl  Rari  a  Trovarsl  net  Vegetabill.  Stas.  Sper.  Agrar.  ItaL,  vol.  10, 
p.  290.    1888. 

NoTE.--The  ammonium  sulphid  precipitate  was  very  small  U  the  [dxiepliatiM 
were  first  removed  with  tin  and  oltrlc  acid. 

d  BChm,  C.  R.    Daretellung  d.  seltmen  Brden,  vol.  1,  p.  40.    1906. 
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present  in  the  ash  of  a  sample  of  AragaUtta  lamberti  in  shout  0,01 
per  cent  zirconium  oxid,  with  also  0.1  per  cent  titanium  dioxid." 

Zirconium  chlorid,  3  grams,  was  fed  in  aqueous  solution  to  a  rab- 
bit weighing  850.5  grams.  This  rabbit  lost  96  grams  in  seven  days, 
and  was  then  fed  3  grams  more  of  the  same  solution  and  the  fol- 
lowing day  2  grams  more.  It  died  eight  days  later,  weighing  656 
grams.  The  stomach  and  intestines  were  contracted,  but  showed 
no  ulcers.  However,  4  grams  killed  a  rabbit  in  two  hours  and  thirty- 
two  minutes. 

The  iiltrate,  after  treating  an  active  solution  of  the  ash  with  hy- 
drogen peroxid,  proved  active,  thus  showing  that  zirconium  was  not 
entirely  responsible  for  the  poisonous  action. 

Yttrium,  while  not  found  in  the  plant,  was  administered  as  yttrium 
chlorid  to  a  rabbit  weighing  1,530  grams  in  2-gram  doses  in  solution. 
This  animal  gained  113.4  granis  in  five  days. 

Didymium  chlorid  c.  p.,  in  3-gram  doses,  was  fed  to  a  rabbit 
weighing  1,020  grams.    This  rabbit  lost  70  grams  in  four  days. 

The  administration  of  manganese  acetate "  in  2-gram  doses  was 
followed  by  a  gain  in  weight  of  a  rabbit  of  42.5  grams,  while  a  dose  of 
3  grams  killed  a  rabbit  weighing  1,077  grams  in  two  hours  and  thirty 
minutes.  Wohlwill '  has  emphasized  the  fact  that  the  members  of 
the  iron  group  owe  their  comparative  harmlessness  to  not  being  ab- 
sorbed by  the  gastro-intestinal  tract. 

No  zinc  was  found  in  the  plant.* 

It  is  well  recognized  that  potassium  salts  given  hypodermically 
are  decidedly  toxic  and  that  ammonium  salts  given  per  os  will  kill, 
so  that  the  writer  considered  the  possibility  of  other  members  of  the 
group  being  responsible  for  the  injurious  action.  The  fact  that  the 
alkaline  distillate  of  the  plant  proved  inactive  eliminated  the  am- 
monium salts. 

Ciesium  chlorid  c.  p.,  2  grams,  was  fed  in  aqueous  solution  to  a 
rabbit  weighing  1,077.2  grams.  In  six  days  this  animal  lost  255 
grams  in  weight,  when  it  died.' 

"Walt,  C.  E.  Occurrence  of  Titanluiu.  Joum.  Amer.  Chem.  Soc.,  vol.  18, 
p.  402.     1806. 

Note. — There  seem  to  be  no  records  of  any  studr  of  the  phnnnacologlciil 
action  of  titanium. 

*Com[)are  Jaksch,  R.  v.  V.eber  Mangantoxlkosen  und  Mangftno|ih<ible. 
MUnch.  Med.  Woch.,  p.  080.    1007. 

"  Wohlwill,  F.  Ueber  d.  Wlrkung  d.  MeUlle  d.  NIckelgrupiw.  Arch.  f.  Exper. 
Pfltb.,  vol.  m,  p.  40!).     1907. 

■'  Ijihand,  I..  Zur  Verbreltun.e  dee  Zinkes  Im  PflanKenrelche.  Kelts,  t,  Unter- 
siich.  d.  Nflhruntts-  u.  GeniiBsmtttel.  vol.  4,  p.  480.    1001. 

'^C«'Bl«ni  occurs  In   various  plants  and   the  possibility  of  polsoniufc  by   this 
element  must  be  considered.     It  Is  hoped  tbiit  tlie  writer  may  be  able  to  under- 
take a  more  tborongh  pharmacological  study  of  this  element.  C  \'>t>ol(' 
120                                                                                                      '"  '^''^  ^''     '         O 
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A  second  rabbit,  weighing  1,020.5  grams,  was  fed  with  2  grams 
of  the  same  solution  and  lost  368  grams  in  twenty-one  days.  The 
spectroscopic  test,  however,  failed  to  show  csesium  in  the  ashed 
plant.  Rubidum  chlorid  c  p.,  in  2-gram  doses,  proved  inactive.  The 
platinum  chlorid  precipitate  from  the  extract  of  the  plant  proved 
inactive. 

The  fact  that  the  filtrate  after  precipitation  of  the  phosphates 
bj  tin  and  nitric  acid  and  H,S  was  active  excluded  the  phosphoric 
acid  radical,  and  the  filtrate  after  treatment  with  BaCO,  and  AgO 
being  active  excluded  the  H3SO4  and  HCl  radicals  as  the  toxic 
body.    Fluorine  was  proved  to  be  absent. 

A  radio-active  substance  was  suspected,  but  Dr.  L.  J.  Briggs, 
Physicist  of  Bureau  of  Plant  Industry,  reported  that  the  dried  plant 
showed  no  special  amount  of  radio-activity." 

Power  and  Cambier,  Sayre,  and  Kennedy  had  previously  called 
attention  to  the  abundance  of  calcium  in  the  plant,  and  the  writer's 
investigations  confirm  this.  Pharmacologists  are  averse  to  belie^nng 
calcium  given  per  os  poisonous.  The  writer  has,  however,  fed  5 
grams  of  the  acetate  of  calcium  in  solution  to  a  rabbit  weighing 
6.'>2  grams.  This  animal  died  in  two  hours,  with  marked  irritation 
of  the  stomach,  the  result  being  due  to  the  so-called  "  salt  action.'* 
Much  larger  amounts  were  fed  in  divided  doses,  but  without  injury. 
Calcium  phosphate  and  calcium  sulphate  in  2-gram  doses  proved 
harmless  to  a  rabbit  weighing  about  1,400  grams.  Three  grams  of 
magnesium  acetate '  were  fed  in  solution  for  five  successive  days 
to  a  rabbit  weighing  1,417  grams,  but  without  apparent  effect. 

Strontium  acetate  c  p.,  in  2-gram  doses,  likewise  caused  no  dis- 
turbance." No  strontium  in  any  amount  recognizable  by  chemical 
tests  was  proved  in  the  plant.  So  that  by  a  process  of  exclusion  the 
writer  was  forced  to  think  of  barium  as  the  main  cause  of  the  trouble. 

The  writer  noted  that  if  the  ashed  plant  was  extracted  with  H^O^ 
water  and  this  extract  freed  from  sulphuric  acid  with  PbCOj  and 
H^S  the  solution  proved  inactive  to  rabbits  and  also  that  after  this 
extraction  the  acetic  acid  extract  of  the  ash  failed  to  kill.  In  other 
words,  the  sulphate  of  our  body  was  insoluble  in  water.  At  times 
in  passing  HjS  into  active  solutions  of  the  ashed  plant  freed  from 
the  acetic  acid  by  evaporation  the  filtrate  and  likewise  the  precipi- 

°Acqua,  C.  Snll'apcumiilo  dl  Sostanze  Itadioattlve  nel  Vegetall.  Attl  delln 
Beale  Accad.  del  I.tncel,  5  b,  vol.  l(i,  sem.  2,  p.  357.    190T. 

^Comimre  Meltzer,  S.  J.  Toxicity  of  HagneBium  Nitrate  When  Givai  by 
Mouth.    Science,  vol.  2fi,  p.  473.    in07. 

"BuFKaiMi,  O.  ModlQcnx.  del  Ricambio  per  Azlone  dello  Stronzio.  Archlv. 
di  Farmacol.,  vol.  0,  p.  551.    1007. 
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tate  were  inactive.  Noyes  and  Bray  "  have  noted  that  if  HjS  is  passed 
into  certain  sohitions  in  the  presence  of  an  oxydizing  agent,  such 
as  ferric  iron,  HjSOj  would  be  formed,  which  would  throw  any 
barium  out  of  solution. 

In  one  blood-pressure  record  made  with  a  dog  <vagi  nerves  cut), 
a  rise  in  blood  pressure  (a  characteristic  physiological  action  of 
barium)  was  seen  to  follow  the  intravenous  injection  of  the  aqueous 
extract  of  the  plant,  in  spite  of  its  normal  acid  reaction. 

Accidentally  the  writer  found  that  Sprengel "  had  reported  the 
presence  of  barium  in  Astragalus  exaeapug,  a  closely  allied  plant. 
Barium  has  also  been  found  in  the  vegetable  world  by  Scheele  in 
1788,  and  later  by  Eckard,''  who  found  it  in  beech,  while  Forch- 
hammer''  proved  it  in  birch,  and  Lutterkorth  found  it  in  the  soil  of 
the  same  area  in  which  Eckard  worked.  Dworzak '  noted  the  occur- 
rence of  traces  of  this  element  in  wheat  grown  along  the  Nile,  and 
Knop '  found  it  in  the  soil.  Doctor  Balfour,  of  Khartum,  Egypt, 
informed  the  writer  that  he  knew  of  no  cases  in  which  this  barium 
in  wheat  had  produced  poisoning.  Homberger  '  found  barium  both 
in  the  red  beech  grown  in  Germany  and  in  the  soil  on  which  these 
trees  grew.  It  has  also  been  claimed  that  various  marine  plants 
may  take  up  barium  from  the  sea.* 

'  NojeH,  A.  A.,  and  Bray,  W.  C.  System  of  Qualitative  AnalysiB  for  tbe  Coui- 
mon  Eleuents.    Joum.  Amer.  Chem.  Soc.,  vol.  2»,  pp.  168,  172,  aod  IM.    1907. 

Note. — Barium  siilpbate  Is  nontoxic  on  account  of  ils  Insolnbllitj-.  OrAla 
fed  16-24  grams  to  doga  without  oanslng  any  diaturbance.  Bary,  A.  Beltr.  z. 
BarynmwIrkuQg.     Dorimt,  1«88,  p.  26. 

*  Sprengel,  C.  Von  den  SiibBtanzen  der  Ackerbrume  und  dea  Untergrundes, 
Journ.  f.  TecbD.  u.  CEkon.  Cbem.,  vol.  3,  p.  313.    1828. 

'  Eckard,  G.  E.  Baryt,  ein  Beatandtbell  der  Ascbe  des  Buchenbolzee.  Annal. 
der  Chem.  u.  Pharm.,  n.  b.,  vol.  23,  p.  204.    185l{. 

'  Forchhamnier,  J.  O.  Ueber  den  Elnfluss  dea  Kochsalzee  auf  die  Blldiing 
der  Mlneralien.  Annal.  d.  Phyelk  u.  Chemie,  vol.  5,  p.  91.  1905.— Latterkorth. 
H.  Koblenxilurer  Buryt.  elo  BeBtandthell  dee  Sandatelnes  in  der  G^end  von 
GOttlngen.    Annal.  d.  Chem.  u.  Pharm.,  n.  a.,  vol.  23,  p.  296.    1856. 

« Dworzak,  H.  Baryt  unter  den  Aachen  bests  ndthdlen  dea  .lEgyptlscben 
Welzeu.     Landw.  VerBUcba.-Stat.,  vol.  17,  p.  388.     1874. 

'  Knop,  W.  Analysen  von  NItahsatz.  Landw.  Versuchs.-Stat.,  vol.  17,  p.  65. 
1874. — Compare  also  DemouBsy,  B.,  Absorption  par  lea  Plantea  de  Quelquea 
Sels  Solubles,  Thfae,  Parla,  1899.— Knop,  W.,  Einlge  neue  Resultate  der  Unter- 
Bucbung  Uiier  die  BrnHbrung  der  PBanze,  Ber.  U.  Verbandl.  d.  kOnlgl.  silchs.  Gc- 
sells.  d.  WisBens.  zu  I^lpzEg.  Math.  Phys.  CI.,  vol.  29,  p.  113.  1877.— Suzuki,  U., 
Can  Strontium  and  Barium  Replace  Calcium  In  PbtenogamB?  Bui.  Coll.  Agric. 
Tokio  Imp.  Univ.,  vol.  4,  p.  69,  1900-1902. 

'  Horni>erger,  R.  Ueber  d.  Vorkommen  d.  Baryums  In  d.  PQanze  and  Im 
Boden.    Landw.  VeraucbB.-8tBt.,  vol.  &1,  p.  473.    1899. 

*  Boscoe,  H.  E.,  and  Schorlemmer,  C.    Treatise  on  Chemistry,  vol.  2,  p.  455. 
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Hillebrand  "  has  called  attention  to  the  fact  that  the  igneous  rocks 
of  the  Rocky  Mountains  showed  a  higher  percentage  of  barium  than 
rock  from  other  portions  of  the  United  States,  so  that  under  these 
conditions  one  might  expect  the  presence  of  barium  in  plants  grow- 
ing in  this  region.  A  sample  of  Aragallua  lamberti  and  one  of  As- 
tragaluB  niollissim/ua  were  sent  to  the  Bureau  of  Chemistry  for  spec- 
troscopic examination  for  various  elements  and  they  reported  traces 
of  barium  in  each." 

With  these  arguments  the  writer  felt  sure  of  the  presence  of 
barium,  and  the  matter  was  discussed  with  Dr.  £.  C.  Sullivan,  of  the 
United  States  Geological  Survey,  and  he  kindly  corroborated  the 
conclusions  reached  as  to  the  presence  of  barium,  controlling  its 
presence  by  means  of  the  spectroscoiie,  and  estimated  it  roughly  as 
O.I  per  cent  BaO  in  the  ash  of  a  sample  of  AragaUus  lamherti  ((>.3 
milligrams  BaSOi  in  4  grams  ash).  This  determination  was  made 
by  Hillebrand's  method. 

Kobert  has  anticipated  this  result,  saying  that  "  all  plants  are  in 
the  position  occasionally  to  take  up  barium  combinations  from  the 
soil,"  and  "  the  plants  which  thus  contain  barium  may  act  injuriously 
to  men  and  animals."  " 

TOTAL  A8H  DETEKMl  NATIONS  Or  LOCO  PLANTS. 

The  reports  of  the  ash  analyses  of  the  loco  plants  show  marked 
variations  in  the  total  amount  of  the  ash.  Thus,  from  Aragallua 
lamberti  Dyrenforth  obtained  4.32  per  cent  and  O'Brine  13.52  per 
cent  of  ash.  The  Bureau  of  Chemistry  analyzed  two  different 
samples  of  this  dried  plant  and  reported  in  one  case  11.15  per  cent 
and  in  the  second  11.64  per  cent  of  ash.    O'Brine''  obtained  13.52 

"Hillebrand,  W.  F.  Anal}-8ls  of  Silicate  snd  Carbonate  Kocks.  Dept.  In- 
terior, U.  8.  Geol.  Survey,  Bui.  305.  p.  18.    1007. 

'  This  report  came  from  tbe  Plant  Analysis  Laboratory  of  tbe  Bureau  of 
Chemistry,  h  different  one  from  tbat  wlilch  later  controlled  the  writer's  testa 
quantitatively  and  qualltativeTy.  In  other  words,  the  cxtnclusloiiB  of  the  writer 
as  to  the  presence  ot  barium  were  <x>ntrolled  by  three  eeparate  IndlvlduslB, 

'  Kobert,  It.  Kann  eln  in  elneni  Pflanzenpnlver  gefiindener  nhnorm  Wiher 
Bnryt>;ehn1t  erklSrt  werden  durch  dlrekte  Aiiftiahme  von  Bnryumsalxe  durch 
die  lebende  Pflanise  nua  dem  Boden?    Cheni.  Zeit..  vol.  10,  p.  491.    1899. 

NoTR. — The  writer  has  also  found  barium  in  entirely  different  botanical 
families  from  the  loco  weed,  and  It  la  bo|)ed  a  reimrt  can  Hbortlj  be  iiinde  of 
some  of  these. 

Note.— Tbe  flrst  sample  of  ash  annlyzed  by  the  Bureau  of  Chemiatry  bad 
D.2I  per  cent  Fe^  0.92  per  cent  Alrf>..  0.98  per  cent  CaO,  037  per  cent  MgO, 
5.S0  per  cent  S10,.  The  second  lot  was  only  examined  for  certain  constltnentB, 
and  nave  Kfl,  2.2.'5  per  cent;  CnO,  1.20  per  cent;  MgO,  0.41  i>er  cent;  PsOh  aS2 
per  cent ;  and  SOi,  0.24  per  cent, 

'The  detailed  analysis  of  O'Brine  can  be  found  on  page  32  of  this  report 
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per  cent  of  ash  from  the  same  species.  The  writer's  analysis  "  gave 
in  one  sample  of  Aragallus  lamberti,  collected  at  Hugo,  Colo.,  in 
1907,  18.8  per  cent  of  ash;  a  second  lot  (1907),  12.44  per  cent;  a 
third  (1906),  11  per  cent,  and  a  fourth  <May,  1905)  gave  37.3  per 
cent  of  ash."  One  lot  from  Woodland  Park,  Colo.  {October,  1906), 
gave  6.4  per  cent.  One  lot  from  Hugo,  Colo.  (October,  1907), 
yielded  9.6  per  cent. 

In  the  case  of  Astragalus  moUisaimus,  Wentz  obtained  6.76  per 
cent,  Sayre  12.01  per  cent,  Kennedy  20  per  cent,  O'Brine  12.15  pM- 
cent,  vrhile  the  sample  analyzed  by  the  Bureau  of  Chemistry  gave 
18.4  per  cent  of  ash.  One  sample  from  Kit  Carson  County,  Colo, 
(December,  1906),  which  proved  inactive  physiologically,  gave  an 
ash  content  of  6.9  per  cent.  A  sample  of  Astragalus  missouriensis 
collected  at  Hugo,  Colo.,  June,  1907,  yielded  an  ash  content  of  21.8 
per  cent,  and  an  Astragalus  missouriensis  collected  at  Pierre,  S.  Dak,, 
September,  1907,  yielded  27  per  cent.  An  Astragalus  nitidus  from 
Custer,  S.  Dak.  (July,  1907),  gave  5.2  per  cent  ash,  while  an  Astra- 
galus nitidus  collected  at  Woodland  Park,  Colo.,  in  October,  1906, 
yielded  7.8  per  cent,  and  another  specimen  of  Astragalus  nitidus 
also  collected  at  Woodland  Park,  Colo.,  in  October,  1907,  gave  12,2 
per  cent.  An  Astragalus  drummondii  from  Custer,  S,  Dak,  (July, 
1907),  gave  5.9  per  cent.  Astragalus  pectinatua  (Hugo,  June,  1907) 
yielded  6.1  per  cent.  A  fresh  (undried)  specimen  of  Astragalus 
moUiasimus  (unknown  origin,  November,  1907)  yielded  3.8  per  cent 
of  ash.  One  sample  of  Astragalus  decumhens  (Ephraim,  Utah, 
August,  1907)  gave  21.8  per  cent  of  ash. 

These  determinations  must  necessarily  be  only  approximate,  as 
the  plants  were  collected  by  different  persons  who  exercised  dif- 
ferent degrees  of  care  in  freeing  them  from  adherent  soil,  and  pos- 
sibly in  drying  the  plants,  so  that  the  main  value  of  these  figures 
is  their  aid  in  determining  the  amount  of  barium  present. 

BABIUH  DETERMINATIONS  IN  THE  ASH  OF  LOCO  PLANTS. 

Attention  has  been  called  to  the  fact  that  in  ashing  plants  con- 
taining barium  a  part  at  least  of  this  barium  is  converted  into  the 
insoluble  sulphate  and  a  part  into  the  carbonate,  so  that  the  char- 
acteristic pharmacological  action  of  the  ash  will  depend  not  upon 
the  total  barium  present,  but  upon  the  form  in  which  it  occurs — 
little  action  if  much  BaSO^  and  more  complete  if  more  BaCO, 
results.    A  further  difficulty  in  the  recognition  of  barium  in  plants 

■All  aab  and  barium  determinations  were  made  from  the  dried  plants  save 
wben  otberwlse  specified. 
^  Evidently  these  plants  must  have  been  Imperfectly  freed  from  soil. 
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is  due  to  the  fact  that  certain  inorganic  salts  interfere  with  the 
precipitatiou  by  H.jSO,. 

A  S|)ecimen  of  Aragallus  lamherti  (Hugo,  siintmer  of  1907)  with 
12.44  per  cent  of  ash  was  examined  for  its  barium  content  by  Hille- 
brand's  method."     The  method  was  as  follows: 

Two  grams  of  the  ash  were  first  fused  with  sodium  carbonate  and 
the  fused  mass  washed  with  water  containing  sodium  carbonate.  The 
residue  was  washed  into  a  beaker  and  treated  with  a  few  drops  of 
sulphuric  acid^.  The  residue  now  remaining  was  filtered  and  after 
ignition  was  treated  with  hydrofluoric  and  sulphuric  acids.  After 
evaporating  off  these  acids,  the  residue  was  treated  with  sulphuric 
acid  water,  filtered,  and  then  fused  with  sodium  carbonate.  After 
extracting  with  sodium  carbonate  water,  the  residue  was  dissolved  in 
just  enough  hydrochloric  acid  and  precipitated  with  sulphuric  acid. 
The  pi-ecipitate  was  dissolved  in  concentrated  sulphuric  acid  and 
reprecipitated  by  water  and  weighed  as  BaSO^.''  So  far  as  the 
writer  can  ascertain,  there  have  been  no  control  experiments  made  for 
this  method  to  determine  the  experimental  error. 

Of  the  above  ash,  1.998  grams  gave  5.2  milligrams  of  BaSO,,  which 
would  correspond  to  75,75  milligrams  of  barium  acetate  crystals — 
Ba(C,HjOi),4-Hi,0— in  200  grams  of  the  dried  plant.  The  residue 
by  the  Hillebrand  method  after  weighing  was  tested  with  the  spec- 
troscoi>e  and  gave  a  bright  spectrum  for  barium.  The  same  ash  was 
analyzed  by  the  Bureau  of  Chemistry,  using  a  shorter  method,  and 
they  reported  2.7  milligrams  of  barium  sulphate  in  1.1217  grams  of 
ash.  A  second  sample  collected  earlier  in  the  summer,  with  an  ash 
content  of  18,fi  per  cent,  was  shown  to  yield  barium  corresponding  to 
3.4  milligrams  of  BaSO,  in  2.5  grams  of  the  ash.* 

One  lot  of  Arugallus  lamherti  collected  at  Hugo,  Colo.,  in  May, 
1905,  and  which  gave  an  asli  content  of  37.3  per  cent,  was  found  to 
yield  3  milligrams  of  BaSO,  from  1.998  grams  of  ash,  or  173.88 
milligrams  of  Ba(CMHs*^=)!+HoO  in  200  grams  of  the  dried  plant, 
but  this  ash  also  contained  0.27  per  cent  of  SO,.  The  Bureau  of 
Chemistry  reported  the  barium  to  correspond  to  2.9  milligrams  of 
BaSO,  in  2.45  grams  of  the  ash. 

The  Astragalus  misaouriensis  (Hugo,  June,  1907),  with  an  ash 
content  of  21.8  per  cent,  gave  3  milligrams  of  BaSO,  in  2.01  grams 

"  Hillebrantl,  W.  F.  Aiifllysls  of  Sillcote  nnd  Carbonote  Rocks.  U.  S.  Geol. 
Surv.  Bui.  3(0,  p.  11«.  11107.  See  also  Folln,  O.,  On  the  Reduction  o(  Barium 
Siilplmte  In  Ordinary  Ornvl metric  Detemiliintions,  lu  Journ,  Biol.  Cliem.,  vol. 
3.  p.  Gl.     Ifl07. 

^  All  tbe  detemiluntlons  of  hnrluui  wbich  resulted  either  positively  or  nega- 
tively were  made  with  the  same  bottle  of  sodium  carbonste  and  HtSO,,  so 
that  Impurities  In  (tie  ohemlctilH  were  thus  eliminated. 

"  Report  from  Bureau  or  Chemistry. 
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of  ash,  or  76.58  milligrams  of  Ba(CjHjOi)j+H,0  in  200  grams  of 
the  dried  plant.  The  residue  after  weighing  was  tested  spectro- 
scopically  and  gave  a  bright  barium  spectrum. 

The  Astragalus  d^rummondii  from  Custer,  S.  Dak.  (1906),  Astra- 
galus molliasimus  from  Kit  Carson  County,  Colo.  (December,  1906), 
and  Astragalus  nitidus  from  Woodland  Park,  Colo.  (October,  1907), 
were  reported  by  the  Bureau  of  Chemistry  to  contain  no  barium. 

The  ash  of  the  Astragalus  pectinatus  (Hugo,  June,  1907)  was  re- 
ported by  the  Bureau  of  Chemistry  to  show  no  barium  on  spectro- 
scopic examination. 

Two  grams  of  active  loco  plant  ash  yielded  from  5  t«  6  milligrams 
of  BaSOf,  but  it  can  be  easily  seen  that  in  multiplying  this  amount  to 
correspond  to  200  grams  of  the  dried  plant  errors  would  be  likely  to 
arise,  so  that  the  whole  amount  of  barium  would  not  necessarily  be 
accounted  for. 

ASALYBIS  or  SOILS. 

One  sample  of  the  soil  from  near  Hugo,  Colo.,  from  which  the 
Aragallus  lamherti  was  collected,  was  examined  by  the  Bureau  of 
Soils,  and  that  Bureau  reported  the  absence  of  barium  and  zirconium, 
at  least  of  any  recognizable  by  the  chemical  methods  used,  so  that  it 
can  not  be  said  that  the  barium  came  from  any  soil  accidentally  mixed 
with  the  ash.  Traces  of  titanium  were,  however,  found.  Evidently 
the  plant  must  collect  minimal  quantities  of  these  elements  from  the 
soil  and  store  them. 

The  water  from  a  well  of  an  adjacent  area  was  examined  by  the 
Bureau  of  Chemistry  and  reported  to  contain  37.4  parts  of  calcium 
and  13.7  parts  of  magnesium  in  one  million,  and  that  the  water  con- 
tained no  barium." 

FEEDINO   EXPEBIMENTS   WITH  BABIXTH   SALTS  OH'  AKIMALS   IN 
THE   LASORATOBT. 

On  these  figures  the  writer  took  0.2  gram  of  crystallized  barium 
acetate  c.  p.,  using  the  acetate  because  acetic  acid  has  been  proved  in 
certain  loco  plants  by  Power  and  Cambier,  and  after  dissolving  it  in 
water  fed  it  at  9.45  a.  m.  to  a  rabbit  weighing  1,177  grams.  The 
head  soon  fell  forward  so  that  the  nose  rested  on  the  ground.  At 
10.58  a.  m.  the  rabbit  seemed  unable  to  guide  itself  and  would  run 
into  obstructions  if  forced  to  move.  There  was  no  diarrhea  but  it 
urinated  several  times.  There  was  a  peculiar  tremor  of  the  muscles 
noted.    The  animal  would  not  startle  by  sudden  noises  and  at  11.06 

o  Barinm  has  been  found  In  well  water  in  England.  See  Tborpe,  T.  B.,  Contri- 
bution to  the  History  of  the  Old  Sulphur  Well,  Harrogate,  In  Fhiloe.  Mag.,  5  a., 
vol.  2,  p.  BO,  1876. 
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a.  m.  could  be  placed  on  its  back  nith  ease.  The  pupils  appeared 
about  normal.  The  whites  of  the  eyes  showed  very  prominently.  At 
11.35  a.  m.  the  fore  legs  were  paralyzed.  The  following  morning  the 
animal  was  dead,  its  weight  being  1,120  grams.  The  heart  was  di- 
lated ;  the  stomach  was  not  hemorrhagic,  but  rather  pale. 

A  second  rabbit,  which  weighed  1,630  grams,  was  fed  with  a  solu- 
tion of  0.5  gram  of  the  same  salt  at  9.42  a.  m.  At  10.35  a.  m.  the 
animal  passed  soft  stools  and  showed  a  marked  disinclination  to 
move,  with  evidence  of  pain.  The  diarrhea  ■  became  more  marked 
and  the  animal's  hind  quarters  were  soiled  with  feces.  At  10.48  a.  m. 
there  was  marked  incoordination  of  the  limbs  and  inability  to  stand. 
Finally,  at  10.56  a,  m.,  convulsions  began  and  the  animal  died  at  11,02 
a.  m.  The  autopsy  waa  made  about  two  hours  later.  The  animal 
was  then  rigid.  The  kidneys  seemed  rather  congested.  The  intes- 
tines were  relaxed;  mesenteric  vessels  dilated.  The  pyloric  region 
of  the  stomach  appeared  hemorrhagic. 

A  third  rabbit,  fe<l  like  the  preceding  with  0.5  gram  of  barium 
acetate,  showed  much  the  same  result.  In  this  case  there  was  some 
retching,  but  the  other  symptoms  were  as  above,  the  animal  dying 
in  one  hour  and  five  minutes.  No  hemorrhages  were  seen  in  the 
stomach  walls.  It  was  noted  that  after  the  administration  of  certain 
doses,  0.2  gram,  there  was  no  diarrhea. 

On  September  23,  1907,  a  rabbit  weighing  1,757  grams  was  fed  at 
10.42  a.  m,  with  0,1  gram  of  the  same  barium  acetate.  The  tempera- 
ture at  the  time  of  feeding  was  102.9°  F.  At  12.05  a.  m.  the  animal 
urinated.  Temperature,  101.4°  F.  On  September  24  the  animal 
weighed  the  same.  Temperature  at  10.55  a.  m.,  102.3°  F.  The  same 
amount  of  barium  was  fed.  At  3.40  p.  m,  the  temperature  was 
.  102.5°  F.  On  September  25  the  animal  weighed  1,800  grams.  Tem- 
perature, 102.2°  F.  at  10.39  a.  m.  The  dose  of  barium  was  repeated. 
At  3.55  p.  m.  the  temperature  was  101.4°  F.  On  September  26  at 
9.38  a.  m.  the  temperature  was  101.1°  F.,  and  again  the  barium  was 
given.    At  3.57  p.  m.  the  temperature  was  101.5°  F.    On  September 

•  MflgnuH,  R.  WtrkuwKBwelse  ii.  AngrlffBpunkt  olniger  GIfie  am  Ketcendann. 
Arcbiv.  f.  Gesnm.  PhyBiol.,  vol.  108,  p.  41,  1005. 

NoTK. — 1{ei)orts  on  the  bltrtologlt-'Bl  changes  in  acute  barium  poisoDing;  can 
be  found  In  Pllllet,  A.,  iiml  Mulbec,  A.  Note  Bur  les  Lesions  HIatologlques  du 
Rein  ProilciltB  pttr  lea  RelH  d^  Hnry te  Bur  lee  Aniniaux.  Couip.  Rend,  llebd.  Soc. 
de  Biol.,  vol.  4,  p.  057.    1892. 

Llterntiire  on  tbe  iituiriuacologj  of  bftrUim  not  otherwlae  referred  to  Is 
88  follows;  Boehm,  R.  Ueber  d,  Wlrkuntren  d.  Barytaalze  anf  d.  ThleFkOrper. 
Arcb.  t.  Bsp.  Path.,  vol.  3,  p.  217.  1870.— Sommer,  F.  Beitr.  s.  Keant.  d. 
Baryum-VerRiftung.  Dissert.,  W«lrzburB,  IS'.K). — Keumann,  J.  tJeber  d«D 
Verblelb  der  In  den  thlerlBchon  OrsanlsimiH  elnseftlbrten  BarIumBBla«n. 
Archlv.  f.  Gesam.  Phyalol.,  vol.  .16,  p.  576.  1885.— HelTtner,  A.  AusBcbeldoiiK 
li9r|ierfrenider  Subatanzen  im  Uarn,  Ergeb.  d.  PbysloL,  pt.  1,  p.  121.    1808. — 
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27  the  rabbit  weighed  1,7T2  grams.  The  temperature  at  9.53  a.  rn. 
was  102.3°  F.  The  barium  was  fed  for  the  fifth  time.  At  10.27  a.  m. 
there  were  general  convulsions.  The  eyes  tenred.  At  10.32  n.  in. 
soft  stools  appeared  and  the  animal  urinated.  Stools  were  passed  at 
various  periods.  At  11.30  a.  m.  there  were  no  signs  of  pain  on 
pinching  the  ear.  At  11. ."SS  n.  m.  the  animal  retched.  The  animal 
was  lying  with  the  fore  legs  wide  apart  and  could  not  support  itself. 
At  12.05  p.  m.  the  temperature  was  98°  F.  and  the  rabbit  died 
shortly  after. 

The  peritoneal  cavity  seemed  normal.  The  small  intestines  wei-e 
relaxed,  while  the  mesenteric  ves-sels  were  dilated.  The  kidneys  seemed 
congested.  The  stomach  walls  were  pink  and  in  places  covered  with 
mucus.  The  heart  was  relaxed  save  the  left  ventricle,  which  seemed 
firm. 

On  September  23,  1907,  a  second  rabbit,  weij^ing  1^60  grams,  was 
fed  with  a  similar  solution  and  the  feeding  was  repeated  at  the 
same  time  the  first  rabbit  was  fed.  On  September  27  the  animal 
weighed  1,41G  grams.  On  this  day  a  peculiar  movement  of  the  hind 
legs  on  jumping  appeared,  apparently  due  to  an  inability  to  draw 
the  legs  completely  up,  and  the  fore  legs  were  spread  wide  apart,  as 
if  too  weak  to  support  the  animal.  The  temperature  had  also  fallen. 
On  September  28  the  animal  had  apparently  recovered.  Weight, 
1,516  grams  on  October  21. 

On  September  23,  1907,  a  third  rabbit,  weighing  1,304  grams,  was 
fed  with  50  milligrams  of  barium  acetate.  This  dose  was  repeated 
eaci}  time  the  other  two  rabbits  were  fed.  On  September  27  it 
weighed  1,304  grams.  Marked  muscular  twitching  appeared,  with 
disinclination  to  move.  Finally  there  were  convulsions  and  paralysis 
of  the  limbs.    N^o  stools  were  seen.    This  animal  lay  quiet  all  night, 

Binet,  r.  ItechercheB  Compar.  sur  I'Actlon  PliyBlol.  des  Mftaiix  Alcnlins  et 
Alcallno-terreux.  Hev.  MM.  de  la  Suisse.  Itomnnde,  vol.  12,  pp.  53S,  807. 
1802. — CyoD,  M.  Ueber  d.  toxisch.  Wlrkung.  d.  Baryt-  u.  OxalaitureTerblniluD- 
gen.  ArchlT.  t.  Annt.,  Pbyslol.  u.  WlsseuB.  Med.,  1800,  p.  1!)0.— Mlckwltz,  L. 
Veniletch.  Untersuch.  tl.  d.  physlol.  WlrkuDK  d.  Snize  d.  Alcalieii  u.  Alonl. 
Erden.  Dissert,,  Dorpat,  1874. — Hellbom,  F.  Ueber  VerUndeningeii  im  Dnrme 
nach  A'ernlft.  m!t  Arsen.  Chlorbtirliim  unit  Phoephor.  Dissert,,  Wilrzburg, 
18^1. — Relncke,  J.  J.  Kin  Fall  mebrfncher  Verglftung  diirch  koli1ensUnr«n 
Baryt.  VEertelJ.  t.  Rerlchtl.  Med.,  n.  b,,  vol,  28,  p.  248,  1878.— Ortlla,  M^molre 
sur  rEni)>o1soniiemeDt  par  les  Alctilis  Fixes.  Joum.  de  Chlnile  M&l.,  2  s.,  vol. 
8.  p.  200.  1842.— Saiitl,  L.  Se  nel  Veneflcio  per  Siiil  dt  Bnrlo  qiiesto  Metallo 
passa  alia  Urlna?  Gaza.  Chem.  Ital,,  vol.  33,  pt.  2,  p.  202.  1903.— Weber, 
F.  R,  Bnrlum  Cblorlde.  Milwaukee  Med.  Joiini.,  vol.  12,  pp.  .TO,  60.  15KM.— 
Rabiiteaii.  De  1'Innocult^  des  Sels  de  Strontliini  Coni|Hirf«  n  1' Activity  dti 
Chlorure  de  Baryuni.  Gar..  MM.  de  PsrlB,  3  a.,  vol.  24,  p.  21S.  1869.— Tbe  very 
early  literature  Is  considered  In  detail  by  Bary. 
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apparently  unable  to  move,  and  continued  on  its  side  until  3.15  p,-ni. 
on  S^tember  28,  when  it  gradually  recovered,  weighing  1,348  Renins 
on  October  24. 

On  October  24, 1907,  a  rabbit  weighing  1,346.5  grams  was  fed  with 
a  solution  of  25  milligrams  of  crystallized  barium  acetate.  Od  the 
next  day  the  weight  was  1,318  grams,  and  the  dose  was  repeated.  On 
October  26  it  weighed  1,275.7  grams,  and  the  dose  was  repeated ;  on 
October  30  it  weighed  1,332  grams,  and  on  October  31  its  weight  was 
1,375  grams.  The  animal  died  at  night  on  November  6;  weight,  1,134 
grams.  The  post-mortem  examination,  made  with  Dr.  Meade  Bolton, 
of  the  Bureau  of  Animal  Industry,  was  negative  save  for  the  presence 
of  necrotic  tissue  in  one  enlarged  thyroid. 

On  October  24, 1907,  a  rabbit  weighing  1,332  grams  was  fed  with  a 
solution  of  25  milligrams  of  crystallized  barium  acetate.  On  the 
next  day  the  animal  weighed  the  same,  and  the  dose  was  repeated. 
On  October  26  it  weighed  1,289  grams,  and  the  same  amount  of 
barium  was  given.  On  October  28  the  weight  was  1,219  grams  and 
two  days  later  1,289  grams. 

On  October  31,  1907,  a  rabbit  weighing  723  grams  was  fed  with  a 
solution  of  25  milligrams  of  barium  acetate.  This  rabbit  was  fed  in 
all  nine  times  during  a  period  of  ten  days.  At  the  end  of  this  time 
it  weighed  779  grams  and  died  six  days  later,  weighing  723  grams. 
The  post-mortem  was  negative. 

A  rabbit  weighing  779  grains  was  also  fed  on  October  31,  1907, 
with  a  similar  amount  of  barium.  This  dose  was  repeated  six  times 
during  an  interval  of  eight  days.  At  the  end  of  that  time  the  animal 
still  retained  its  normal  weight.  On  November  14,  1907,  it  weighed 
709  grams,  having  lost  70  grams.  Thus  after  daily  doses  of  0.1  gram 
of  crystallized  barium  acetate  no  symptoms  appeared  until  the  fifth 
day,  when  death  resulted.  After  the  similar  administration  of  50 
milligrams  severe  symptoms  developed  on  the  same  day,  but  the  ani- 
mal recovered.  After  the  administration  of  25  milligrams  on  three 
successive  days  the  animal  died.  In  other  cases  of  feeding  25  milli- 
grams for  several  successive  days,  some  lost  weight  and  died;  others 
merely  lost  in  weight,  but  recovered. 

Bary  fed  a  rabbit  weighing  0.9  kilogram  a  solution  of  30  milligrams 
of  barium  chlorid  on  one  day,  on  the  second  day  90  milligrams,  and 
on  the  third  day  30  milligrams.  The  only  symptom  noted  was  diar- 
rhea. The  animal  died  on  the  fifth  day.  In  other  words,  after  feed- 
ing small  doses  of  barium  salts  for  several  days  acute  symptoios  sud- 
denly set  in,  showing  a  cumulative  action.  This  cumulative  action 
has  been  noted  on  man." 

"BaiT,  A.    Beltr.  z.  BaryumwIrkuDg.    Dissert.,  lK>rpat,  1SH8,  |i.  100. 
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Onsum  '  fed  a  medium-sized  rabbit  daily  with  small  doses  of  barium 
carbonate,  beginning  with  20  milligrams.  When  the  total  amount 
reached  0.19  grams  the  rabbit  died.  The  animal  before  death 
showed  paralysis,  respiratory  disturbances,  and  fall  in  temperature. 
The  sensibility  of  the  cornea  diminished,  but  the  pupils  responded  to 
light.  The  stomach  walls  showed  ecchymoses  and  the  blood  vessels 
of  the  brain,  the  spinal  cord,  and  the  abdominal  vessels  were  dilated. 
Emboli  in  the  pulmonary  arteries  were  also  noted. 

In  a  rabbit  the  application  of  0.66  gram  of  barium  chlortd  to  a 
wound  was  followed  in  twenty  minutes  by  convulsions,  paralysis,  and 
finally  coma  and  death.^ 

Of  barium  nitrate  0.66  gram  mixed  with  sugar  and  fed  to  a  rabbit 
caused  death  in  less  than  one  hour,  and  0.33  gram  induced  death  in 
another  rabbit  in  twenty-seven  hours." 

Six  grains  (0.4  gram)  of  barium  iodid  fed  in  solution  to  a 
rabbit  caused  death  the  following  day.  On  this  day  there  were 
tremors  of  the  neck  and  shoulders  with  convulsive  movements  of  the 
limbs.  There  was  also  grinding  of  the  teeth.  "  The  mucous  mem- 
brane of  the  stomach  was  rose-red  at  the  cardia,  and  softened." 
Membranes  of  the  cord  and  brain  also  were  congested.* 

For  rabbits  weighing  1,500  to  2,000  grams  the  lethal  dose  of  barium 
chlorid  on  subcutaneous  use  is  stated  to  be  0.05  to  0.06  grams.* 

A  rabbit  weighing  1,106  grams  was  fed  with  a  solution  containing 
,50  milligrams  of  crystallized  barium  acetate  c.  p.  and  50  milligrams 
of  zirconium  chlorid  (pure).  In  fifty-seven  minutes  the  animal 
showed  difficulty  in  moving  the  fore  legs,  developing  marked 
paralysis  of  the  same  about  five  hours  later,  and  died  the  following 
morning — that  is,  twenty-two  hours  after  feeding.  The  heart  was 
found  dilated,  kidneys  congested,  stomach  walls  pink  and  covered 
in  places  with  mucus  and  partly  digested  blood,  and  cerebral  dural 
vessels  dilated,  but  no  clots  were  seen ;  bladder  full. 

Mixtures  of  0.5  gram  of  calcium  acetate  and  50  milligrams  of 
barium  acetate  failed  to  kill.  Mixtures  of  titanium  and  barium  were 
not  tried,  as  no  titanium  salt  soluble  in  water  and  of  neutral  reaction 
was  accessible. 

■  Onsiim,  J.  Ueber  d.  toslBch.  Wlrkung.  der  Baryt-  und  OxalsSurever- 
bliidiinicen.    Arch.  f.  Path.  Anat.,  vol.  2S,  p.  234.    1S63. 

*  Bnidle,  B.  C.  Further  Experlmenta  and  Observations  on  the  Action  uf 
I'olBonq  on  the  Aalmal  System.    Phtlos.  TranB.,  vol.  102.  p.  218.    1812, 

=  Tidy,  C,  M,  On  Poisoning  by  Nitrate  of  Baryta.  Med.  Press  and  Clrc,.  vol, 
e,  p.  448.     1868. 

'Glover,  R.  M.  On  the  Physiological  and  Medicinal  Properties  .of  Bromine 
and  Its  OomiNinnds.    Edlnh.  Metl.  &  Run;.  Jonm.,  vol.  68.  p.  341.    1842. 

«  Klssner,  Q.  Tieber  Baryuni  Veriflftungen  n.  deren  EIdQubb  auf  d.  Glykogcu- 
gehalt  der  Leber.     Scholten,  1890,  p.  11. 
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62  BARIUM,  A  CAUSE  OF  THE  LOCO-WBED  DISEASE. 

Mittelstaedt  called  attention  to  the  fact  that  pregnant  rabbits  were 
more  easily  affected  by  the  barium  administratioti  than  nonpr^oant 
ones,  and  noted  abortion  in  one  case.' 

One  gram  of  the  barium  carbonate  killed  a  dog  in  eight  hours.  A 
second  dog  died  in  fifteen  hours.  Both  of  these  animals  vomited  so 
that  a  portion  of  this  must  have  been  lost.*  Barium  carbonate  was 
formerly  employed  as  a  rat  poison." 

Of  barium  chlorid  0.6  gram,  fed  in  aqueous  solutiuD,  caused  death 
in  a  dog  in  forty-eij^t  minutes  if  vomiting  was  prevented.* 

In  Tidy's  hands  2  grams  of  the  barium  nitrate  caused  death  in  a 
small  terrier  in  three  and  three-fourth  hours.  This  dog  had  slight 
convulsions,  was  almost  unable  to  stand,  and  had  vomiting  and  purg- 
ing. The  reflexes  were  diminished.  A  small  dog  recovered  only 
completely  in  five  days  after  being  fed  0.66  gram,  while  a  large  dog 
after  being  fed  1.3  grams  only  recovered  after  two  days. 

In  cats  0.8  gram  of  barium  carbonate  when  introduced  into  a 
wound  caused  on  the  third  day  languor,  slow  respiration,  feeble 
pulse,  twitching  of  hind  legs,  dilated  pupils,  and  death.* 

BARIUH  FOISONTXra  IN  VLAX. 

The  high  toxicity  of  barium  was  called  attention  to  by  early  ob- 
servers, but  it  was  attributed  by  some  to  admixed  arsenic.  The 
reports  of  feeding  experiments  with  barium  on  animals  have  varied 
markedly,  but  now  care  is  being  advised  in  the  use  of  barium  salts.' 

Barium  was  introduced  into  medicine  in  the  treatment  of  scrofula, 
but  has  fallen  into  disuse,  and  only  recently  attention  has  been  called 
to  it  on  account  of  its  action  on  the  circulatory  system.     Filippi," 

°  Mittelstaedt.  F.  Ueber  cbronlsclie  Bariumvergiftung.  Dissert.,  Gi-elfswald. 
1805,  p.  19. 

*Pelletler,  D.  ObservaHonB  sur  la  Strontlane.  Annal.  de  Chlmle,  vol.  21, 
p.  !10.    1797. 

"CbrtBtlsoD,  R.  Treatise  on  Poisons.  EdlnburtEli,  1S4S,  p.  679. — Cramiie, 
Bewahrte  Mittel  gegen  FeldmBuse,  Deutscb.  Landw.  Presse,  vol.  B,  p.  530. 
1S78.— Felletar,  E.  FSlIe  von  lotox.  mit  kohlensaur.  Baryum.  Peat.  M«d.- 
Chlr.  Prease,  toI.  28,  p.  1072.    1892. 

*  Husemann,  T.  Eln  Beltrag  z.  Kenot  d.  BarytverglftungeD.  Zelts.  f.  pract. 
Hellk.,  vnl.  3,  p.  235.  1866,  In  tbls  article  Husemann  taas  collected  inan.v 
casefl  or  poisoning  by  barlnm  (n  animals. 

«  ChrlBtison,  R.    Treatise  on  FoIboch.    Edinburgb,  1S46,  p.  579. 

f  According  to  v.  Jaksch,  "  Hie  1st  bel  der  groBsen  Toxlcltfit  d»  Stibatans  im- 
mer  emst  zu  stelten."     Verglftungen,  1897,  p.  79. 

Note. — A  tborougb  pbarmncologlcnl  studyof  some  barium  salt  Is  mnch  needed, 
and  it  is  hoped  that  the  writer  will  be  able  to  complete  this  work. 

"  Ftllppl,  E.  ModlBc-az.  del  Rlcamblo  Organlcc  per  Azloae  del  Cloruro  dl 
Bario.  La  Sperlmeotnle,  vol.  60.  p.  610.  1906;  Sull'  Azione  Gardlaca  del  Cblo- 
ruro  dl  Barlo.    Arcblvlo  dl  Fartnacol.  Sperfmait.,  vol.  6,  p.  122.    1906. 
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BABIUM  POISONINO  IN   UAN.  68 

however,  says,  "  The  effects  on  the  heart  and  on  the  pressure  are 
already  the  first  indication  of  poisoning."  This  metal  has  also  been 
used  in  the  treatment  of  chronic  diseases  of  the  spinal  cord,  as  mul- 
tiple sclerosis  and  paralysis  agitans." 

After  the  administration  to  a  woman  of  -f,  grain  (0.005  gram)  of 
barium  chlorid  three  to  five  times  a  day  for  a  few  days,  a  total  of  2j 
grains  (0.135  gram),  the  patient  developed  rapid  respiration,  tender- 
ness over  the  epigastrium,  nausea,  constipation,  cramps  in  the  limbs, 
loss  of  appetite,  weakness,  great  emaciation,  dysuria,  some  deafness 
with  tinnitus,  difficulty  in  speaking  and  thinking,  with  vertigo."  In 
this  case  the  eyes  were  glassy,  the  vision  indistinct,  and  the  cheeks 
flushed.  Kohl  after  the  use  of  small  doses  of  the  same  noted  sali- 
vation, swelling  of  the  gums,  and  falling  out  of  the  teeth,  with  a 
mercurial  odor  to  the  breath.  Christison'  states:  "I  have  known 
violent  vomiting,  gripes,  and  diarrhea  produced  in  like  manner  by. 
a  quantity  not  exceeding  the  usual  medicinal  doses."  According  to 
Kennedy  few  persons  are  able  to  bear  J  grain  (0.0075  gram)  of  ba- 
rium chlorid.* 

In  Carpenter's  case  after  three  doses  of  1.6  grains  (0.070  gram)  of 
barium  chlorid  the  patient  developed  almost  lethal  symptoms.'  Car- 
penter calls  attention  to  the  drowsiness  which  developed  in  this 
patient  after  the  administration  of  barium,  a  fact  which  had  already 
been  noted  by  Christison.f 

A  cartarrhal  affection  of  various  mucous  membranes  and  a  swell- 
ing of  various  glands  have  been  noted,  especially  of  the  lymph  and 
salivary  glands,  and  in  the  male  the  testes  have  at  times  swollen.' 
The  inflammation  of  the  glands  may  pass  on  to  suppuration.  The 
skin  becomes  dry  and  shows  a  tendency  to  crack.  Febrile  attacks 
are  reported  after  the  repeated  use  of  small  doses  of  barium. 

'SchnlK,  H.  Vorlea.  fl.  Wirkung.  u.  Anwendung  d.  unorganltich.  Arznelstoffe. 
Leipzig.  1907,  p.  234,— Hare,  H.  A,  Use  of  Barium  Cbloride  In  Heiirt  DlBetise. 
Med.  News,  vol.  &4,  p.  183.    18S&. 

^  Ferguson,  J.  C.  Symptoms  of  Poisoning  from  Muriate  of  Barytes.  Dublin 
Quart.  Joum.  Med.  Scl.,  toI,  1,  p.  271.     1846, 

o  Chrlstlson,  R..  I,  e„  p.  5S0. 

*  Kennedy,  H.    Dose  of  the  Muriate  of  Barjtes.    T,anoet,  vol.  2,  p.  2S.    1«T3. 

■Carpenter,  J.  S.  Barium  Chloride  from  a  Clinical  Standpoint.  Med.  Kewu, 
vol.  60,  p.  03.    18&1. 

'  ChrlBtlBon,  R.,  I.  c.  1845.  p.  578. 

'  Scbnlz,  H.  Vorles.  U.  Wirkung.  u.  Anwendung  d.  unorganlBch.  Arznetstoffe. 
Leipzig,  1007,  p.  233.— SchwIlguC,  C.  J.  A.  Tralte  de  Mat  MM.,  3  ed.,  vol.  1, 
p.  441.    1818. 

Note, — Acoording  to  tbe  fllee  of  the  Office  of  Folsonous-Plaut  Investigations, 
B.  D,  Smith  reported  In  the  Omnge  Jndd  Fnnner,  1«t7,  that  locoed  animals 
etiowed  n  swelling  of  various  glands.  As  yet  the  writer  has  been  unable  to 
verify  this  reference, 
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64  BARIUM,  A  CAUSE  OP   THE  LOCO-WEED  DISEASE. 

Scheibler"  has  called  attention  to  the  possibility  of  producing 
chronic  barium  poisoning  in  man  from  the  use  of  barium  in  the  manu- 
facture of  food  products. 

Acute  cases  of  poisoning  in  man  from  four  or  more  grams  of  barium 
carbonate  or  chlorid  or  nitrate  have  been  reported  more  or  less  fre- 
quently.* In  the  acut«  case  of  poisoning  in  man  reported  by  Tira- 
boschi  and  Taito,  no  macroscopic  changes  were  noted  in  the  stomach 
mucosa."  Lopes*  has  reported  one  case  of  acute  poisoning  in  naan 
from  less  than  1  gram  of  barium  chlorid.  In  this  case  paralysis  of 
the  limbs  was  a  marked  feature.  Stern  '  cites  Perondi  and  Lisfranc 
to  the  effect  that  "  remarkably  large  doses  of  barium  chtorid  can  be 
borne  without  injury  by  gradually  increasing  the  doses  (dissolved 
in  much  water)."  Lisfranc '  has  suggested  that  the  sensitiveness  to 
poisoning  by  barium  salts  is  greater  in  certain  climates  than  in  others. 

No  data  are  as  yet  available  as  to  the  influence  of  altitude  and  par- 
tial starvation  on  the  toxicity  of  barium  salts.     As  is  well  known, 

"  Scbelbler,  C.  Uelier  d.  VerweDdung  giftiger  Stoffe,  beaondere  d,  Barytver- 
blnduDgen  bel  d.  Zucberfabricatlon.    Cbem.  ZetL,  vol.  11,  p.  1463.    1887. 

»  Schmidt's  Jahrbllclier,  vol.  192,  p,  131.  1881.— Walsh,  J.  B«port  of  a  Cflaeof 
Poisoning  b?  Chloride  of  Barium.  Lancet,  vol.  1,  p.  211.  1K»9.— Walch.  Set- 
tener  Fall  eloer  tttdllch.  Venilftung  d.  Barytn  murlatloa.  Zelts.  f,  Staataarznk.. 
vol.  SO,  p.  1.  1835.— Carpenter,  J.  8.  Barium  Cblorlde  from  a  Clinical 
Standpoint  Med.  News,  vol.  S&,  p.  03.  18!)I.— EBcbrlcht.  D0dellgt  forl0bende 
Forxlftnlng  med  snlpeteraurt  Baryt.  Ugeskrift  for  Laeger,  vol.  4,  p.  241, 
ISSl. — Ogier  and  Socquet.  Bmpolaonnement  par  le  Cblorure  de  Barynm.  An- 
na]. d'Hyg,  Publ.,  3  s.,  vol.  25,  p.  447.  1891.— Che valller,  A.  Note  Bur  un  Cos 
d'Empolsonnement  Determine  par  I'Acetate  de  Baryte.  Annal.  d'Hyg.  PubL,  2  s„ 
vol.  39,  p.  SOS.  1873. — Courtin,  Cas  d'GmpolBonnement  par  du  Cblorure  de 
Baryum.  Rev.  d'Hyg.,  vol,  4,  p.  653.  1SS2.— Poisoning  by  a  Baryta  Compoimd. 
Pharm.  Journ.,  3  s,,  vol,  2,  p.  1021.  1872.— Eel chardt,  B.  VergiftangsfoU  mit 
kohlenF^urem  Baryt.  Arch,  d.  Pharm.,  3  a.,  vol.  4,  p.  428.  1874. — Lagarde,  P. 
Acetate  de  Baryle  llvre  sous  le  Nora  de  Sulfovlnate  de  Sonde.  Union  MM.. 
3  B.,  vol.  14,  p.  537.  1872.— Baum.  Zwel  FHIle  von  fahrlilaslger  TOdtang  durcb 
saltpetersHurcs  Baryt.  Zeits.  f.  Medlzlnalbeamte.  vol.  9,  p.  759.  1896. — Funaro. 
A.    Sul  Veneflclo  per  Sail  dl  Bario.    L'Oroel,  vol.  12,  p.  397.    1894. 

"Tlraboschl,  A.,  and  Talto,  V.  Avvelenaraento  da  Barlo.  II  Rlavegllo  Medleo 
d'Abruzzo  e  MoIIbo,  vol.  1,  p.  171.    1906. 

ICoTE.— A  crltlcUm  of  this  caae  la  to  be  found  In  BelllBarl,  0.,  Su  Dl  nn  Pre- 
sunto  Avveleiiamento  da  Barlo.  II  Hlsvegllo  Medico  d'AbbruzEo  e  Mollse,  vol.  2, 
p.  15.    1907. 

*  Lopes,  A.  Cnso  Curloso  de  Envenenamento  Pelo  Chloret  de  Barlo.  Medlclna 
Contempt,  I>lfibon,  vol,  4,  p.  109.    1886. 

.  "Stem,  B.    A'erglftung  mlt  Chlorbarlum.    Zelts.  f.  Medlzlnalbeamte:,  vol,  », 
p.  383.    1896. 

Note.— The  writer  has  always  theoretically  questioned  the  danger  of  poISM)- 
Ing  by  loco  weeds  In  well-fed  and  well-watered  animals.  Compare  Stalker,  M„ 
The  "  Ijoco  "  Plant  and  Its  Effect  on  Animals.  Bnr.  Animal  Industry,  3d  Ann. 
Report  (lS8fi).  p.  2n.    1.S87. 

'Llafranc.  I*<:on  siir  I'Eiiiplol  dii  Muriate  de  Baryte  contre  lea  Tumeiira 
Blanchea.    (Jaz.  Med.  de  Paris,  2  s.,  vol.  4,  p.  215.    1836.  C    (IOqIc 
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PATHOLOGICAL  LESIONS  IN   BABIUM  POISONINQ.  65 

almost  all  recorded  cases  of  locoed  animals  have  occurred  at  a  high 
altitude. 

It  must  also  be  remembered  that  the  addition  of  one  salt  to  the 
solution  of  another  may  greatly  increase  the  toxicity  of  th«  first  one. 
Thus,  the  addition  of  a  few  milligrams  of  barium  chlorid  to  a  solu- 
tion of  a  sulphocyanate  renders  the  latter  much  more  poisonous.*' 
This  may  be  due  to  the  fact  that  the  salts  are  more  completely 
ionized. 

7ATHOI.OOICAL  LESIONS  IN  EZPEBUENTAL  BABItTH 
FOISONINa. 

The  post-mortem  examinations  in  cases  of  acute  experimental  ba- 
rium poisoning,  according  to  Schedel,*  show  punctiform  or  large 
hemorrhagic  effusion  in  the  fundus  ventriculi"  and  in  the  large  and 
small  intestines,  contraction  of  the  bladder,  and  hemorrhage  into  the 
walls  of  the  bladder  and  uterus.  The  heart  is  usually  found  relaxed 
or  the  left  ventricle  contracted  in  systole,  while  the  right  is  relaxed. 
Only  once  were  ecchymoses  under  the  endocardium  seen.  The  liver  and 
kidneys  showed  nothing  special.  The  urine  was  free  from  albumen 
and  sugar.  In  a  few  cases  the  lungs  showed  some  infiltration  with 
blood.  In  chronic  cases,  according  to  our  own  investigations  in  rab- 
bits, there  are  no  characteristic  macroscopic  lesions,  a  result  which 
agrees  with  Mittelstaedt's  report.'  Nothnagel  and  Rossbach  °  claim 
tluit  in  chronic  poisoning  by  barium  the  peripheral  nerves  are  al- 
tered. The  same  negative  results  have  also  been  reported  in  chronic 
poisoning  in  higher  animals.  Reynolds '  noted  a  layer  like  a  blood 
clot  under  the  cerebellum  in  a  horse  fed  with  barium  chlorid. '  Fuchs  ' 
has  called  attention  to  the  fact  that  the  flesh  of  cattle  poisoned  with 
barium  chlorid  was  harmless,  perhaps  owing  to  a  conversion  into  an 
insoluble  salt,  a  fact  which  may  be  considered  in  the  use  of  locoed 
animals  for  food. 

«  Paull,  W.,  and  FrOblicti,  A.  PhanDakodjnam.  Studlen.  SItz.  KalaerL  Acad, 
d.  WiBseDB.  z.  Wi&i,  vol.  116,  III,  pt.  6.  p.  446.    1906. 

"  Schedel,  H.    Beltr.  z.  Keont.  d.  Wlrkung  des  Cblorbariums.    1903,  p.  13. 

'  After  Bubcntniieous  Injection  of  barium  cblorid,  Lewin,  by  means  of  tbe  epec- 
troacope,  bae  found  barium  In  tbe  Htomacb  wnlla.  Lewln,  L.  Scblcksal  kCrper- 
fremder  cbem.  Stoffe  Im  Menticbea  u.  besonderH  Ibre  Ausscbeiduni;.  Deutscb. 
Med.  Wocb„  to).  32,  p.  173.    1906. 

'  MIttelataedt,  P.  Ueber  cbrooiecbe  Barium vei^ftung.  Dissert.,  Grelfswald, 
1896,  p.  29. 

'Notbnagel,  H.,  and  Rossbach,  M.  J.    Handb.  d.  Arznelmlttel,  p.  81.    1904. 

'  R«rD0lds,  M.  H.  A  Study  of  Certain  Catbartlcs.  Minn.  Agrlc  Exper.  Sta., 
15tb  Ann.  Rept.    1907. 

'  FucbB,  C.  J,  VerglftungsKUe  durcb  salMiluren  Baryt  belm  Rindrleb.  Thier- 
aratl.  MtttbeEl.,  vol.  6,  p.  169.  1870.  Fuchs  suggests  that  further  Investigations 
on  'this  point  are  desirable.  Tbe  literature  of  tbU  claea  of  eEperlments  is  very 
scanty.  See  Friihner  and  Knudsen,  Eiolge  Versuche  tlber  d.  GenlefMbarkeit  d. 
Flelsches  verglft.  Thiere.  Monats.  f.  Frakt  Thlerhellk.,  vol.  1,  p.  529.  ISSK). 
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TOXICITT  OF  VABIOUB  AQUEOTTB  EXTBACT8  OF  UXX)  TI^AXTtL 

On  October  21,  1907,  a  rabbit  weigjiing  1,531  grams  was  fed  with 
an  extract  of  95  grams  of  dried  Aragallvs  lamberti  (Hugo,  Colo., 
1907) ,  wilh  an  ash  content  of  12.44  per  cent,  with  a  barium  content 
estimated  as  2.6  milligrams  of  BaSO,  In  1  gram  of  ash.  On  the  fol- 
lowing day  it  weighed  1,517  grams,  and  the  same  dose  was  again 
administered.  On  October  23  the  weight  was  1,488  grams,  and  the 
dose  was  repeated.  On  the  next  day  the  weight  was  the  same  and 
the  dose  was  repeated.  On  October  26  the  weight  was  1,446  grams, 
and  again  the  same  extract  was  pven.  On  October  30  the  animal 
weighed  1,502.5  grams;  on  October  31,  1,531  grams.  The  animal 
i-eceived  a  total  extract  of  475  grams  of  the  dried  plant  without  seri- 
ous injury.  This  result  was  apparently  contradictory  to  the  earlier 
work. 

On  October  21,  1907,  a  rabbit  weighing  1,743  grams  was  fed  with 
an  extract  of  47.5  grams  of  the  same  dried  plant.  On  the  next  day 
its  weight  was  1,729  grams,  and  the  same  amount  of  the  extract  was 
fed.  On  October  23  the  weight  remained  the  same,  and  the  dose  was 
repeated.  On  October  24  the  weight  was  1,658  grams,  and  the  same 
amount  of  extract  was  fed.  On  October  26  the  animal  weighed 
1,630  grams,  when  it  was  again  fed  with  the  same  amount  of  extract. 
On  October  28  the  animal  weighed  1,573,5  grams,  but  two  days  later 
the  weight  had  risen  to  1,644  grams.  An  extract  of  237.5  grams  had 
been  administered.     Here  again  the  results  appeared  contradictory. 

On  October  21,  1907,  a  rabbit  weighing  1,517  grams  was  fed  with 
an  extract  of  77,5  grams.  On  the  next  day  it  weighed  1,545  grams, 
and  the  dose  was  repeated.  On  October  23  the  animal  weighed  1,531 
grams,  and  the  yame  amount  of  extract  was  given.  On  the  following 
day  it  weighed  1,488  grama,  and  the  dose  was  repeated.  On  October 
2C  it  weighed  1,474  grams,  and  again  the  dase  was  repeated.  On 
October  30  the  weight  had  risen  to  l,.'i45  grams,  and  on  October  31 
it  was  1,559  grams.  This  animal  received  in  all  an  extract  of  387.5 
grams  of  the  dried  plant.  An  aqueous  extract  of  200  grams  of  the 
same  in  one  dose  also  failed  to  produce  the  acute  symptoms. 

These  feeding  experiments  show  little  of  the  characteristic  action 
seen  in  the  earlier  experiments  made  with  aqueous  extracts  either 
of  the  dry  plant  or  of  the  fresh  plant  preserved  with  chlorcfomi. 
In  other  words,  the  aqueous  extract  of  the  dried  plant  was  only 
slightly  poisonous,  yet  the  plant  from  which  the  extract  was  made 
contained  barium. 

Of  this  same  dried  loco  200  grams  were  then  extracted  with  water 
and  digested  with  pepsin  and  finally  with  pancreatin  in  the  ther- 
mostat (37.5°  C).  The  extract  was  concentrated  and  fed  to  a  rabbit 
weighing  1,616  grams.    After  five  hours  and  ten  minutes  the  animal 
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appeared  weak  in  the  fore  legs  and  unable  to  support  himself,  and  he 
died  during  the  night.  The  intestines  the  following  morning  weie 
found  full  of  gas,  the  stomach  red,  the  lungs  seemed  normal,  and  the 
heart  was  relaxed. 

A  rabbit  weighing  1,545  gnuns  was  fed  on  November  15, 1907,  with 
a  preparation  made  in  a  similar  manner,  save  that  the  plant  was  not 
extracted  with  water  before  digestion.  On  the  next  day  it  weighed 
1,517  grams  and  on  November  19,  1,361  grams.  The  following  day 
the  weight  was  1^18  grams;  on  November  21,  1,233  grams,  and  on 
the  next  day  1,162  grams.  The  animal  died  during  the  night,  and 
the  autopsy  was  made  the  following  morning. 

The  animal  was  greatly  emaciated  and  the  subcutaneous  fat  had 
almost  all  disappeared.  The  mesenteric  vessels  were  dilated,  but 
the  intestines  were  not  dilated.  The  peritoneal  cavity  was  normal. 
The  kidneys  were  perhaps  a  little  injected,  and  measured  3  cm. 
in  length.  The  lungs  were  normal.  The  left  ventricle  was  con- 
tracted and  the  rest  of  the  heart  relaxed.  The  liver  was  normal  and 
the  spleen  apparently  normal.  The  stomach  walls  were  dark,  owing 
to  decomposition.  No  ulrars  were  seen.  The  suprarenals  were  per- 
haps a  little  enlarged.  The  examination  of  the  brain  was  negative, 
and  no  clots  were  found. 

A  similar  digestion  from  200  grams  of  the  same  dried  plant  was 
then  ashed  and  the  ash  treated  with  acetic  acid  and  freed  from  acid 
by  evaporation  on  the  bath.  The  ash  which  was  insoluble  in  water 
was  ground  up  into  a  fine  paste  and  the  whole  was  fed  to  a  rabbit 
weighing  992  grams.  This  animal  died  in  forty  minutes,  showing 
the  characteristic  symptoms  seen  in  acute  cases  already  described.  In 
the  autopsy  the  lungs  and  other  organs  seemed  perfectly  normal 
macroscopically.  The  stomach  walls,  however,  were  reddened  and 
ecchymotic,  and  the  mesenteric  vessels  were  dilated. 

On  January  8,  1908,  a  similar  digestion  oi  the  same  batch  was 
treated  with  a  few  drops  of  sulphuric  acid  to  remove  the  barium,  and 
the  filtrate  was  then  treated  with  lead  carbonate  to  remove  the  sul- 
phuric acid.  After  careful  filtering,  H^S  was  passed  into  the  solu- 
tion and  after  concentration  was  fed  in  one  dose  on  January  9,  1908, 
to  a  rabbit.  The  following  morning  the  rabbit  had  gained  in  weight. 
On  January  14  this  animal  weighed  30  grams  more  than  its  initial 
weight. 

The  residue  of  this  plant  after  such  a  digestion,  examined  by  the 
Hillebrand  method,  showed  no  weighable  amount  of  barium,  so  that 
it  can  be  seen  that  barium  in  relatively  large  amount  was  found  in 
the  plant  itself,  but  not  after  the  digestion.  It  must  therefore  have 
been  the  aqueous  digestion  which  produced  the  characteristic  symp- 
toms.   The  examination  of  this  fluid  for  barium  might,  however,  be 
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misleading,  as  the  large  amount  of  proteids  would  unquestionably  in- 
terfere with  the  determination  of  this  amount  of  barium,  unprotected 
by  other  salts  and  silica,  so  that  this  side  of  the  investigation  was  not 
pursued.  Control  feedings  with  an  emulsion  of  one-half  gram  each 
of  pepsin  and  pancreatin  proved  inactive. 

Of  the  same  Aragallua  lamberti  200  grams  were  similarly  digested 
and  the  barium  was  removed  with  a  few  drops  of  HjSO,,  the  sul- 
phuric acid  by  PbCOj  and  a  little  lead  acetate,  and  the  lead  by  H,S. 
Such  an  extract  it  was  shown  in  the  previous  experiment  would  not 
kill.  However,  to  this  extract  was  added  100  milligrams  of  crystal- 
lized barium  acetate  in  a  solution  and  a  precipitate  formed.  Never- 
theless, the  liquid  and  the  precipitate  were  fed  on  February  1,  1908, 
to  a  rabbit  weighing  1,304  grams.  On  February  3  the  animal  weighed 
1,233  grams;  on  February  4,  1,176  grams;  February  5,  1,120  grams; 
February  6, 1,006  grams;  February  7, 1,219  grams;  February  8, 1,219 
grams ;  February  10,  1,304  grams. 

As  a  control  for  this  animal,  to  make  sure  that  the  loss  in  weight 
was  not  due  to  the  acetic  acid  set  free  by  the  treatment  with  H,S,  a 
similar  aqueous  extract  of  the  same  lot  of  AragaUus  lamberti  was  pre- 
cipitated with  very  much  more  lead  acetate  than  in  the  preceding 
cases  and  also  with  lead  subacetate  and  then  H^S.  After  evaporating 
to  dryness  this  was  fed  on  February  8,  1908,  to  a  rabbit  weighing 
1,035  grams.  On  February  11  it  weighed  1,021  grams;  on  February 
13,  1,091  grams,  and  on  February  15, 1,120  grams,  showing  a  gain  in 
weight. 

Of  the  dried  Astragalus  missourienats  (Hugo,  Colo.,  June,  1907) 
400  grams  with  an  ash  content  of  21.8  per  cent  and  which  was  known 
to  contain  barium  (3  mg.  BaSO^  in  each  2  grams  of  the  ash)  were 
extracted  with  water  and  fed  in  four  doses  corresponding  to  100 
grams  each  in  a  period  of  four  days.  On  November  18,  1907,  the 
first  day  of  feeding,  this  rabbit  weighed  1,856.7  grams.  Fifteen  days 
later  it  weighed  1,984.3  grams. 

One  hundred  grams  of  this  dried  plant  after  extraction  with  water 
were  found  to  leave  about  51,1  grams  "  of  the  plant  undissolved.  This 
when  ashed  yielded  8,2  grams  of  ash.  Two  grams  of  this  ash  yielded 
5  milligrams  of  BaSO,.  In  other  words,  the  aqueous  extract  of  tbe 
plant  was  inactive  and  the  barium  was  found  practically  unextracted 
in  the  residue  of  the  plant. 

Evidently  the  barium  in  these  dried  plants  had  been  converted  into 
an  insoluble  form  by  drying  or  by  some  peculiarity  of  its  metabolism, 
and  was  not  extracted  by  water,  but  could  be  extracted  by  digesting 
the  plants  with  the  combined  digestive  ferments,  pepsin  and  pan- 
creatin. 
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Of  the  same  dried  Astragalus  miaaouriensis  200  grams  were  ex- 
tracted with  water  and  the  extract  treated  with  lead  carbonate  to 
remove  any  possible  free  sulphates  and  after  filtering  this  was  treated 
with  HgS  to  remove  the  lead.  As  the  preceding  experiment  showed 
that  the  aqueous  extract  of  this  dried  plant  was  harmless  without 
barium,  the  writer  decided  to  add  barium  artificially,  and  100  milli- 
grams of  barium  phosphate,"  crystallized,  was  added  to  the  liquid  and 
the  whole  fed  to  a  rabbit  weighing  2,423.9  grams.  The  following 
morning  the  rabbit  was  found  dead.  The  autopsy  was  made  by  Dr. 
H.  J.  Washburn,  of  the  Bureau  of  Animal  Industry.  He  found  that 
the  suprarenals  were  enlarged  and  congested,  and  there  were  small 
areas  of  hepatization  at  the  apex  of  each  lung.  There  were  also  acute 
corrosion  areas  on  the  greater  curvature  of  the  stomach  and  over  the 
upper  portion  of  the  duodenum. 

Of  the  Astragalus  missouriensis  used  in  the  preceding  experiments, 
200  grams  were  extracted  thoroughly  with  water,  and  the  extract  cor- 
responding to  100  grams,  together  with  80  milligrams  of  barium 
phosphate  pure,  was  fed  on  March  12,  1908,  to  a  rabbit  weighing 
1,261.5  grams.  During  this  day  the  animal  walked  at  times  with  an 
uncertain  gait  and  the  following  morning  it  weighed  1,233  grams.  It 
was  then  fed  the  rest  of  the  solution,  that  is,  the  extract  of  the  remain- 
ing 100  grams  of  the  plant,  but  without  any  barium.  The  animal  soon 
developed  convulsions  and  died  in  a  little  over  twenty-four  hours 
after  the  original  feeding.  The  autopsy,  which  was  made  by  Dr.  J.  R. 
Mohler,  of  the  Bureau  of  Animal  Industry,  showed  that  the  mucous 
membrane  of  the  stomach  was  markedly  hemorrhagic  and  in  areas 
gelatinou.s  infiltration  was  very  marked.  In  one  portion  of  this  hem- 
orrhagic area  there  was  distinct  erosion.  The  large  intestines  were 
full  of  gas,  the  lungs  were  normal,  the  heart  was  relaxed,  and  the 
lungs  collapsed.  The  blood  vessels  of  the  kidneys  were  markedly 
engorged. 

Of  the  dried  Astragalus  nitidus  (Woodland  Park,  Colo.,  October, 
1907)  which  was  reported  by  the  Bureau  of  Chemistry  as  containing 
no  barium,  200  grams  were  extracted  with  water  and  fed  in  100-gram 
doses  for  two  successive  days.  The  animal  increased  steadily  in 
weight  and  fifteen  days  after  the  first  feeding  had  gained  99.2  grams. 
This  amount  of  the  plant  was  also  extracted  with  water  and  the  resi- 
due was  then  digested  with  pepsin  and  pancreatin  in  the  thermostat, 
as  in  the  previous  case,  and  fed  in  two  doses  corresponding  to  100 
grams  each.  This  animal  increased  in  weight,  gaining  60  grams  in 
six  days  and  166  grams  in  addition  after  a  further  fifteen  days. 

'  This  barium  rhospbate  was  determlDHl  by  Ibe  Bureau  of  CbemiBtry  to  be 
BaHPO.  and  to  coutalD  traces  of  lix^i,  sodium,  and  potassium,  but  It  was  free 
from  nrsenlc. 
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An  Astragalus  mollisairmts  (Kit  Carson  County,  Colo.,  December, 
1906),  which  was  also  reported  by  the  BureBii  of  Chemistry  ss  con- 
taining  no  barium,  was  extracted  with  water,  and  a  dose  correspond- 
ing to  an  extract  of  200  grams  of  the  dried  plant  was  fed  in  one  dose 
without  any  serious  result.  The  same  amount  of  the  dried  plant 
was  also  similarly  digested  with  pepsin  and  pancreatin  and  fed  in 
two  doses,  but  without  the  production  of  any  symptoms,  the  rabbit 
gaining  CO  grams  in  four  days. 

Of  the  Aragallvs  lamberti  (Hugo,  Colo.,  June,  1907),  with  an  ash 
content  of  12.44  per  cent,  250  grams  were  ashed  and  the  ash  treated 
with  acetic  acid  and,  after  evaporating  off  the  acetic  acid,  was  ex- 
tracted with  water  and  the  ash  digested  with  pepsin  and  pancreatin. 
The  aqueous  extract  and  the  digestion  products  of  the  ash  were  then 
fed  after  concentration,  but  without  any  serious  effects  to  the  animal, 
indicating  that  in  this  plant  the  barium  is  in  a  form  insoluble  in 
water  and  in  the  ashing  is  further  changed  so  that  it  can  not  now 
be  made  soluble  by  digestion — an  opposite  result  to  the  experiment 
in  which  the  barium  was  first  rendered  soluble  by  digestion  and  the 
digestion  products  ashed,  suggesting  a  possibility  that  plants  might 
be  found  in  which  the  barium  is  not  extracted  by  digestion,  at  present 
a  hypothesis. 

Of  dried  Astragalus  decumbens  (Ephraim,  Utah,  1907),  whidi 
was  reported  by  the  Bureau  of  Chemistry  to  contain  no  barium,  200 
grams  also  failed  to  produce  symptoms  in  rabbits  by  our  test. 

A  solution  containing  60  milligrams  of  barium  acetate  (crystal- 
lized) was  mixed  with  an  aqueous  extract  of  200  grams  of  the  dried 
Aragallus  lamberti  which  had  proved  inactive  pharmacologically, 
but  a  precipitate  formed  (BaSOj?)  and  the  extract  still  remained 
inactive,  suggesting  that  the  question  of  toxicity  depended  not  only 
upon  the  presence  of  barium,  but  also  whether  other  agents,  such  as 
sulphates,  etc.,  might  not  be  present  in  sufficient  amount  to  render  the 
barium  insoluble;  that  is,  pharmacologically  inactive. 

This  Aragallus  lamberti  yielded  an  ash  content  of  37.3  per  cent, 
and  the  SOj  group  was  estimated  at  0.27  per  cent  of  the  ash,  while 
a  corresponding  lot  which  was  obtained  two  years  later  from  the 
same  area  yielded  an  ash  content  of  12.44  per  cent  and  a  SOj  con- 
tent of  0.24  per  cent  of  the  ash. 

It  may  be  urged  that  the  full  lethal  dose  of  the  barium  was  not 
always  found  in  the  plant,  yet  it  must  be  remembered  that  the  toxic 
action  was  the  resultait  of  the  action  of  the  total  constituents  and 
that  if  the  barium  was  removed  the  extract  was  practically  harmless. 

In  looking  back  over  the  work  the  most  suitable  preparation  for 
producing  the  characteristic  symptoms  in  rabbits  seems  to  be  the 
freshly  ground-up  plant  mixed  with  water  and  preserved  in  chloro- 
form, for  while  the  dried  plant  might  contain  barium,  yet  the  aque- 
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ous  extract  was  often  inactive,  su£^;esting,  perhaps,  the  presence  of 
something  in  the  fresh  plant  which  aided  the  solution  of  the  barium, 
thus  accounting  for  the  variations  in  toxicity  of  aqueous  extracts 
made  from  plants  dried  under  varying  conditions.'  The  nature  of 
the  compound  in  which  barium  exists  in  the  plant  is  as  yet  unknown 
and  has  not  been  investigated.  It  ia  important  to  remember  that  not 
only  must  barium  be  found  in  the  plant  to  prove  poisonous,  but  it 
must  he  in  such  a  form  that  it  can  be  detracted  in  the  gaatro-intestinfd 
canal. 

The  amount  of  barium  found  in  various  species  of  loco  plants  will 
no  doubt  vary,  and  perhaps  the  pharmacological  test  on  rabbits  as 
the  writer  has  used  it  may  have  to  be  modified  for  such  plants,  so 
that  at  present  the  wisest  plan  to  test  these  plants  is  to  determine 
their  barium  content  and  also  make  the  physioI<^ca]  test,  as  has  been 
proposed,  and  if  the  barium  content  runs  low,  say  below  0.11  per 
cent  of  the  ash,  in  plants  yielding  from  12  to  18  per  cent  of  ash,  then 
to  increase  the  number  of  feedings  on  the  rabbit.  No  doubt  on  ranges 
where  a  large  number  of  loco  plants  are  eaten,  with  little  other  food, 
plants  with  a  very  low  barium  content  may  be  poisonous,  but  if 
large  amounts  of  other  food  are  fed  the  writer  would  expect  few,  if 
any,  serious  results. 

As  the  writer's  work  has  been  confined  to  the  laboratory  side  of  the 
loco-weed  investigations  no  feeding  experiments  with  barium  salts 
have  been  made  by  him  on  lai^  animals.  Such  experiments  should, 
of  course,  be  made  under  range  conditions;  that  is,  where  the  water 
and  food  supply  is  deficient 
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The  fact  that  treatment  of  the  loco>weed  extract  with  a  few  drops 
of  sulphuric  acid,  which  will  remove  the  barium,  renders  these  ex- 
tracts harmless,  and  even  apparently  nutritious,  would  suggest  the 
theoretical  antidotal  treatment  to  be  with  sulphates,  in  the  form, 
perhaps,  of  epsom  salts,  but  perhaps  alkaline  bicarbonates  may  be 
present  in  the  stomach,  either  due  to  lessened  acidity  of  the  stomach 
or  from  drinking  alkaline  waters,  in  which  case  the  precipitation 
of  the  barium  by  sulphates  would  presumably  be  interfered  with, 
and  thus  the  treatment  be  rendered  ineffectual."  It  is  interesting  to 
note  that  most  of  the  remedies  proposed  for  the  successful  treatment 
of  locoed  animals  contain  sulphates.' 

In  Storer's  experiments  on  feeding  rats  with  barium  carbonate  it 
was  found  that  the  barium  carbonate  would  kill  them,  but  if  cal- 
cium carbonate  was  mixed  with  the  barium  the  rats  survived,  sog- 

•  MendeT,  L.  B.,  and  8ld»er.  D.  F.,  1.  c.  p.  148. 

'  Mayo,  N.  8.  Some  Obserratlons  upon  Loco.  Kans.  State  Agrlc.  OriL  Bnl. 
M.  p.im    1893.  ...dhyCoo^k 
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gesting  an  antidotal  action.  .This  apparent  antagonism  deserves 
further  study  and  may  lead  to  practical  results."  A  somewhat  simi- 
lar antagonism  for  at  least  a  part  of  the  action  of  barium  has  been 
claimed  to  exist  between  barium  and  potassium.^  However,  ex- 
tracts of  ashed  plants,  treated  with  acetic  acid,  which  contained  cal- 
cium and  potassium,  caused  death  in  the  experiments  of  the  writer, 
but  no  work  has  yet  been  done  by  him  as  to  the  antidotal  action  of 
calcium  carbonate  on  barium.  Then,  too,  as  Liideking"  pointed  out, 
large  quantities  of  calcium  chlorid  may  interfere  with  the  precipita- 
tion of  barium  as  a  sulphate.  It  is  well  known  that  the  presence  of 
various  salts  influences  the  solubility  of  barium  sulphate  in  water,' 
and  the  fact  that  barium  has  been  found'  in  solution  in  the  urine  in 
the  presence  of  sulphates  shows  that  the  precipitation  of  barium  as 
a  sulphate  in  the  body  is  not  so  simple  as  in  test-tube  experiments.' 
Again,  in  very  dilute  solutions,  such  as  must  necessarily  occur  at  any 
one  time  in  the  stomach,  the  precipitate  with  sulphates  only  slowly 
forms  and  the  barium  may  be  absorbed  before  the  insoluble  compound 
can  be  formed,'  Evidently  an  important  point  to  be  considered 
in  the  antidotal  treatment  of  locoed  animals  with  sulphates  is  the 
possibility  of  inducing  a  gastritis,  with  its  attendant  loss  of  weight. 
It  therefore  seems  apparent  that  the  proper  treatment  at  present 
is  preventive — that  is,  removal  from  the  plants. 

Ijewin  "  has  suggested  the  possibility  of  acquiring  some  immunity 
to  barium,  but  our  experiments  point  against  the  production  of  any 
practical  immunity. 

ACTION  OF  BAKItTH  ON  DOMESTIC  AND  FABU  ANHCAXS. 

Barium  in  the  form  of  barium  chlorid  has  been  recently  introduced 
into  veterinary  therapeutics  by  Dieokerhoff*   in   the  treatment  of 

"  Storer,  F.  H.  Bxperimenta  oa  Feeding  Mice  with  Painter's  Putty  and  with 
Other  Mlstiiree  o(  Pigments  and  Oils.  Bnl.  of  Bussey  Institute,  vol.  2,  p.  274, 
1884. 

^Brunton,  T.  I..,  and  Casb,  J.  T.  Contribution  to  Our  Enowledtte  of  tbe 
Connection  between  Cbemlcal  Constitution,  Fhystological  Action,  and  Antago- 
ulsm.    PblloB.  Trans.  RoTal  Soc.  London,  T,  yol.  176,  p.  229.    1884. 

"LOdeklDg,  C.  Analyse  d.  Barytgruppe.  ZeitB.  f.  Anal.  Chem.,  vol.  29, 
p.  506.     1890. 

*Fraps,  G,  S,  Solubility  of  Barium  Sulphate  in  Ferric  Chloride,  Alnmlnum 
Chloride,  and  Magnesium  Chloride.    Amer.  Chem.  Joum.,  vol.  27,  p.  288.    1902. 

'Rantl  has  paid  special  attention  to  the  solnbility  of  barium  In  the  t>odT. 

'  Fresenius,  C.  G.  Man.  of  Qualltat.  Chem.  Anal.  Tr.  by  H.  L.  Wells,  1904, 
p.  148. 

9I,ewln,  L.    Nebenwtrkungen  d.  Arznelmlttel,  2  ed.,  p.  439.    1S93. 

*  DIeckerhoff.  TJeber  d.  Wlrknng  d.  Cblorbaryum  be!  Pferdm,  Rlndem  und 
Schafen.  Berliner  Thleiflnstl.  Woch.,  p.  265;  see  alBO  pp.  813  and  337.  1886; 
Abstract  In  Vet  Mag.,  vol.  2,  p.  360.    1805. 
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constipation,  but  Winslow  ■  says  that  "  the  doses  required  to  produce 
catharsis  in  the  horse  are  almost  toxic,"  and  he  advises  against  the 
intravenous  use  of  this  remedy. 

Frohner "  has  carefully  summarized  the  literature  on  the  use  of 
barium  chlorid  in  veterinary  work,  and  reports  that  its  use  in  the 
Zurich  clinic  has  recently  been  so  unsatisfactory  that  it  is  now  seldom 
employed  and  that  in  the  last  ten  years  the  preponderance  of  reports 
in  the  literature  are  unfavorable  to  the  use  of  this  agent  In  colic. 

After  the  administration  per  os,  much  of  the  barium  must  he 
carried  off  in  the  diarrheal  stools.  A  number  of  deaths  in  horses 
have  been  attributed  to  the  use  of  this  agent.  No  doubt  the  presence 
of  sulphates,  etc.,  derived  from  the  food  would  render  the  barium 
insoluble  in  the  gastro- intestinal  tract,  and  this  would  explain  the 
lack  of  poisonous  action  in  certain  of  the  cases  in  which  large  doses 
of  barium  proved  harmless. 

Husard  and  Biron  administered  daily  doses  of  8  grams  of  barium 
chlorid  to  one  horse,  and  the  same  amount  of  barium  carbonate  to  a 
second  horse,  for  several  days.  A  fortnight  later  the  first  horse  unex- 
pectedly died,  and  the  second  a  few  days  later.  The  post-mortem 
examination  was  negative,"  A  third  horse  fed  with  barium  carbon- 
ate also  died  suddenly.  Recently  barium  occurring  in  brine  has 
given  rise  to  acute  poisoning  in  stock.^ 

In  a  case  reported  by  Stietenroth  '  the  horse  died  after  the  injec- 
tion of  0.5  gram  of  barium  chlorid  into  the  jugular  vein.  A  number 
of  sudden  deaths  in  horses  after  the  intravenous  injection  of  0.7  gram 
and  over  of  barium  chlorid  have  been  collected  by  Frohner.'  The 
lethal  dose  by  mouth  for  acute  poisoning  with  t^rium  chlorid  in 
horses  lies  between  8  to  12  grams,  while  cattle  require  much  larger 
doses  (40  grams)"  to  induce  death. 

Dieckerhoif  advises  against  the  use  of  barium  chlorid  in  the  treat- 
ment of  constipation  in  sheep. 

'  WIdbIow,  K.    Vet.  Materia  Medica  and  Therapeutics,  p.  162.    1901. 

^FrObner,  K  Lebrb.  d.  AtzDelmlttellebre,  p.  399.  1906.  FrSbner  givee  a 
detailed  account  of  tbese  cases. 

OrlKinsI  note  In  Gbrbardt,  J.  Brfabrungen  U.  Rltere  u.  neue  Aizaelmlttel. 
Scbwelzer  Areblv.  t  Tbterhellk.,  vol.  41,  p.  44.    1899. 

'  Petletler.  Obecrvatlons  on  Strontlan.  Joum.  Nat  Pbllos.,  toL  1,  p.  529. 
1T97 ;  original  In  Annates  de  Chlmle,  vol.  21,  p.  127.    1797. 

'  Howard,  C.  D.  Occurrence  of  Barium  In  tbe  Oblo  Vallej  Brines  and  Its 
Relation  to  Stock  Poisoning.    W.  Va.  Univ.  Agrlc.  Exper.  8ta.  Bui.  103.    1906. 

'  Stietenroth,  Oeber  Chlorbarlum  bel  der  KoUk  der  Pferde.  Berliner  Tbler- 
intl  Woch.,  p.  16.    1809. 

'  FrSbner,  B.    Lebrb.  d.  Toilkol..  2  ed.,  p.  116.    1901. 

"  rrObner,  B.,  1.  c,  p.  116. 

See  similar  reports  In  Veterinarian,  vol.  68,  p.  572,  1896,  and  vol.  69.  p.  228, 
1896;  Zelts.  t  Veterlnark..  vol.  8,  pp.  99  and  211,  1896;  Nagler,  F.,  Berliner 
Tblerarztl.  Wocb..  p.  65.    1896.  i     V^iI,>OqIc 
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Aft«r  a  dose  of  6  grams  of  barium  chlorid  a  2-year-oId  healthy 
ram  appeared  perfectly  well,  hut  the  following  day  he  was  depressed, 
refused  to  eat,  staggered,  and  hecame  so  weak  that  he  was  unable  to 
stand.  The  muscles  of  the  extremities  were  paralyzed  and  the  animal 
died.  "  The  post-mortem  examination  revealed  cedema  of  the  lungs, 
slight  cloudiness  of  the  heart  muscles,  numerous  small  hemorrhagic 
spots  on  the  mucous  membrane  of  the  small  intestine,  and  stagnation 
of  the  blood  in  the  vessels  of  the  small  and  large  intestines.  Similar 
symptoms  and  lesions  were  found  in  a  lamb  4  months  old  which  was 
given  per  os  6.0  grams  of  barium  chlorid  dissolved  in  200  grams  of 
distilled  water."* 

Poisonings  with  barium  carbonate  have  also  been  reported  in 
pigs.^  Domestic  animals  pastured  in  the  neighborhood  of  barite 
deposits  soon  succumb,"  and  accidental  cases  of  poisoning  are  reported 
in  cows.  Poisoning  in  dogs  has  also  been  reported  after  the  subcu- 
taneous use  of  this  agent.''  Linossier  says  that  if  the  barium  salts 
are  used  for  any  time  the  salts  are  deposited  in  various  organs,  lar^ly 
in  the  kidneys,  brain,  and  medulla,  but  especially  in  the  bones." 


It  has  been  calculated  that  a  medium  estimate  of  food  for  cattle 
on  green  fodder  is  about  CO  pounds  (30  kilos)  a  day.'  Calculating 
this  entirely  in  terms  of  Aragallua  lamberti  and  allowing  10  per  cent 
of  moisture  for  these  plants  (Sayre)  would  make  27  kilos  of  dry  loco 

"  DIeckerhoff.  W.    VeL  Mag.,  vol.  2,  p.  362.    IKW. 

'Kabltz.  H.  Ueber  d.  Wirkang  elnlger  BarrumaalBe  beim  Bchw«tn. 
Dentsch.  Tblerarztl.  Woch.,  voL  13,  p.  317.    1905. 

"  ParkeB.  Cbem.  Bssaye,  vol.  2,  p.  213.  Quoted  by  CbrlBtlBon,  B.,  In  'n^attse 
on  PolBone,  Edinburgh.  4  ed.,  p.  581, 1845.— Fuchs,  C.  J.  VerglttiingBaile  durch 
salz^urHi  Baryt  belm  RIndvleb.  Thlei^rzU.  Mlttbell.,  vol.  5,  pp.  133.  IIM. 
1870. 

'  Falk.  Zur  Vergirt.  von  Hnnden  mit  Cblorberlum.  Berliner  TUerftntl. 
Woch.,  p.  40.  1897. — Scbirmer,  Cblorbarlumvei^ft  belm  Hande.  Berliner 
Tbierttratl.  Woch.,  vol.  23,  p.  268.    1887. 

'  I.tnossler,  G.  De  la  Loi'allaatloa  du  Baryun  dans  rOrganlBme  &  la  Suite  de 
r Intoxication  Cbronlque  par  un  Sel  de  Bftryum.  Comp,  Reod.  Hebd.  Soc  de 
Biol.,  8  B.,  vol.  4,  p.  123.     1887. 

Note. — Other  cae^  of  tMltwnlng  In  anlmala  tna;  be  found  In  Harder,  Beltrag 
X.  Giftwirkung  defl  Baryum  chloratuni.  Berliner  Thlerllrtil.  Woclu,  vol.  37.  p. 
4»!.  1897;  Abslchtlk'he  \'erglft.  mlt  Ghlorbarluni.  Zelte.  f.  VeterUOU-k.,  vol. 
n.  p.  72.    1807. 

'  Lane,  C.  B.  Solllug  Crop  Experiments.  N.  J.  Agrtc.  Exper.  Sla.  Bui.  IBS.  p. 
18.  1902.— WoU,  F.  W.  One  Hundred  American  Rations  for  Dairy  OowB. 
TJnlv.  WlB.  Agrlc.  Exper.  Sta.  Bui.  38,  p.  12.  1894.^N.  J.  State  Agric.  Bxper. 
Sta.,  20th  Ann.  Rept  (1899),  p.  193.    190a 
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eaten  by  each  animal  per  diem.  In  die  analysis  of  the  writer  of  one 
AragaUtis  lamherti  from  Hugo,  Colo.,  it  was  found  to  yield  12.44  per 
cent  of  ash,  and  the  barium  content  corresponded  to  2.6  milligrams 
BaSOt  in  each  gram  of  the  ash.  This  would  correspond  to  10.24 
grams  of  barium  acetate  (Ba(C,H,0,),  + H.0)  or  9.15  grams  of 
barium  chlorid  (BaClj  +  2H,0)  per  diem.  This  amount  daily 
administered  would,  theoretically,  readily  produce  chronic  poisoning 
owing  to  the  accumulation  in  the  system,  as  was  shown  in  the  case  of 
rabbits. 

There  is,  however,  some  question  as  to  whether  this  full  theoretical 
amount  of  loco  plants  is  eaten  on  the  range,  and  the  estimate  has  been 
made  that  one-sixth  of  this  amount  only  would  be  actually  taken. 
It  must  be  remembered,  as  Stalker  pointed  out,  that  locoed  animals 
develop  an  especial  taste  for  these  plants  and  after  a  time  reject  other 
food,  so  Uiat  while  the  number  of  loco  plants  at  first  taken  may  be 
small,  yet  later,  perhaps,  it  is  greater.  A  part  of  this  barium,  how- 
ever, may  not  be  taken  up  by  the  system,  but  may  pass  out  undis- 
Kolved.  No  actual  experiments  have  yet  been  made  with  cattle  by 
feeding  small  doses  of  the  pure  salt. 

No  doubt  more  of  the  pure  barium  salts  will  be  required  to  produce 
symptoms  of  poisoning  in  animals  than  would  be  necessary  in  the  case 
of  the  form  of  barium  found  in  the  plant,  as  in  the  loco  weed  the 
barium  is  probably  better  protected  from  precipitation  than  are  the 
barium  salts  when  dissolved  in  water  alone. 

CONd.VSIONa" 

(1)  Conditions  analogous  to  those  met  with  in  locoed  animals 
occur  in  other  portions  of  the  world,  especially  Australia. 

(2)  The  main  symptoms  described  in  stock  on  the  range  can  be 
reproduced  on  rabbits  by  feeding  extracts  of  certain  loco  plants. 
Those  especially  referred  to  here  under  the  term  "  loco  plants  "  are 
AatrageUug  moUissitnua  and  AragaUus  lamherti. 

(3)  The  production  of  chronic  symptoms  in  rabbits  is  a  crucial 
test  of  the  pharmacological  activity  of  these  plants. 

(4)  The  inorganic  constituents,  especially  barium,  are  responsible 
for  this  action,  at  least  in  the  plants  collected  at  Hugo,  Colo.  Per- 
haps in  other  portions  of  the  country  other  poisonous  principles  may 
be  found. 

"Beemnfe  of  the  reaults  of  the  loco-weed  inveatlgatlona  carried  on  by  the 
Bureau  of  Plant  Industry  was  Iseued  as  Bnlletin  121,  i»rt  3,  Bureau  of  Plaut 
iDdustry,  od  January  28,  190S.  in  the  form  of  papers  by  C.  Dwlght  Marsh  and 
Albert  C.  Crawford,  respecttvely,  under  the  titles  "  Results  of  Loco-Weed  In- 
TeatigatlouB  In  the  Field  "  and  "Laboratory  Work  on  Loco-Weed  Investigations." 
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(5)  A  close  analogy  exists  between  the  clinical  symptoms  and 
pathological  findings  in  barium  poisoning  and  those  resulting  from 
feeding  extracts  of  certain  loco  plants.  Small  doses  of  barium  mdts 
may  be  administered  to  rabbits  without  apparent  effect,  but  sud- 
denly acute  symptoms  set  in  analogous  to  what  is  reported  on  the 
range. 

(6)  The  administration  of  sulphates,  especially  epsom  salts,  to 
form  insoluble  barium  sulphate  would  be  the  chemical  antidote 
which  would  logically  be  inferred  from  the  laboratory  work,  but 
of  necessity  this  would  have  to  be  frequently  administered  and  its 
value  after  histological  changes  in  the  organs  have  occurred  remains 
to  be  settled.  But  even  the  treatment  of  acute  cases  of  barium  poi- 
soning in  man  is  not  always  successful,  even  when  sulphates  com- 
bined  with  symptomatic  treatment  are  employed.  The  conditions 
under  which  the  sulphates  fail  to  precipitate  barium  must  be  con- 
sidered. At  present  it  seems  best  to  rely  on  preventive  measures 
rather  than  on  antidotal  treatment. 

(7)  Loco  plants  grown  on  certain  soils  are  inactive  pharmaco- 
logically and  contain  no  barium.  In  drying  certain  loco  plants  the 
barium  apparently  is  rendered  insoluble  so  that  is  is  not  extracteil 
by  water,  but  can  usually  be  extracted  by  digestion  with  the  diges- 
tive ferments. 

(8)  The  barium  to  be  harmful  must  be  in  such  a  form  as  to  be 
dissolved  out  by  digestion. 

(d)  In  deciding  whether  plants  are  poisonous  it  is  desirable  not 
merely  to  test  the  aqueous  or  alcoholic  extract,  but  also  the  extracts 
obtained  by  digesting  these  plants  with  the  ferments  which  occur 
in  the  gastro-intestinal  tract. 

(10)  It  is  important  that  the  ash  of  plants,  especially  those  grown 
on  uncultivated  soil,  as  on  our  unirrigat«d  plains,  be  examined  for 
various  metals,  using  methods  similar  to  those  by  which  rocks  are 
now  analyzed  in  the  laboratory  of  the  United  States  Geological 
Survey. 

(11)  It  is  desirable  to  study  various  obscure  chronic  conditions, 
such  as  lathyrism,  with  a  view  to  determine  the  inorganic  constitu- 
ents of  lathyrus  and  other  families  of  plants. 
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